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Description
BACKGROUND
Technical Field

[0001] The present disclosure relates to a liquid sam-
ple analysis method and a liquid sample analysis device
that employ a flow cell.

Related Art

[0002] Japanese Patent Application Laid-Open (JP-A)
Nos.2018-112516 and 2019-7893 disclose flow cells that
are equipped with two separated sheath fluid flow paths
into which sheath fluid flowing from a sheath intake port,
a sample flow path into which a liquid sample flows, and
a confluent flow path where the two sheath fluid flow
paths and the sample flow path join together and where
imaging of formed elements contained in the liquid sam-
ple is performed.

[0003] An aspirator such as a nozzle to aspirate the
liquid sample is provided at the leading end of a sample
supply path for supplying the liquid sample into the flow
cell configured as described above. Normally, prior to
measuring a liquid sample, the sheath fluid filled a whole
flow path from the flow path including the aspirator,
through the flow cell, to a waste liquid path. If a liquid
sample is directly aspirated in a state in which the aspi-
rator is filled with the sheath fluid, then the liquid sample
will be diluted by the sheath fluid before arriving at the
flow cell, such that the formed elements are not able to
be sufficiently observed in the confluent flow path of the
flow cell.

[0004] Background artis provided in US 5134 445 A,
which discloses a sample inspecting method and appa-
ratus which serially accumulates a plurality of liquids into
a liquid path. The liquid path is pressurized to supply the
accumulated liquids to an inspection station, wherein par-
ticles of selected liquids are inspected. A gas can be in-
corporated between each liquid and detected to discrim-
inate between different sample liquids and washing lig-
uids.

SUMMARY

[0005] The presentinvention provides a liquid sample
analysis method as defined in Claim 1 of the appended
claims. Also provided is a liquid sample analysis device
as defined in Claim 6. Details of certain embodiments
are set out in the dependent claims.

[0006] A liquid sample analysis method of the present
disclosure includes communicating a specific flow path
with an aspirator (formed as a nozzle) via a branch flow
path, aspirating air from the aspirator, aspirating a liquid
sample from the aspirator to the sample supply path so
that an entire amount of the aspirated air is accommo-
dated in a branch flow path, communicating a sample
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extrusion path with a sample port, communicating a
sheath fluid supply path with a sheath fluid port, and iso-
lating the branch flow path from both the sample supply
path and the specific flow path, causing a sheath fluid to
flow from the sheath fluid supply path to the sheath fluid
flow path and causing the sheath fluid to flow from the
sample extrusion path to the sample supply path so that
the liquid sample in the sample supply path is extruded
and is caused to flow into the sample flow path.

[0007] A liquid sample analysis device of the present
disclosure includes: a specific pump controller that actu-
ates a specific pump to aspirate air from the aspirator to
a sample supply path, and further to aspirate a liquid
sample from the aspirator to the sample supply path, and
that halts the actuation of the specific pump in a state in
which an entire amount of the aspirated air passes the
second branch point and is accommodated in the branch
flow path; a first switch controller that switches a first
switch so that flow paths at a first branch point commu-
nicate from the sample extrusion path to a downstream
side of the sample supply path, a second switch controller
that switches a second switch so that flow paths at a
second branch point communicate from an upstream
side to the downstream side of the sample supply flow,
and the third switch controller that switches the third
switch so that the flow paths at the third branch point
communicate the upstream side with the downstream
side of the specific flow path; and a first pump controller
that actuates a first pump to supply a sheath fluid into a
sheath fluid supply path to cause the sheath fluid to flow
into the sheath fluid flow path, and a second pump con-
troller that actuates a second pump to supply the sheath
fluid into a sample extrusion path so as to extrude the
liquid sample in the sample supply path to cause the liquid
sample to flow into the sample flow path.

[0008] An aspect of the present disclosure makes it
possible to provide a liquid sample analysis method and
a liquid sample analysis device, which make it possible
to separate the sheath fluid from the liquid sample with
air, to avoid dilution of the liquid sample with the sheath
fluid, and, furthermore, to prevent the air, which sepa-
rates the sheath fluid filling the aspirator in advance from
the aspirated liquid sample, from flowing into the flow cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Exemplary embodiments will be described in
detail based on the following figures, wherein:

Fig. 1 is a schematic diagram of an analysis device
of a first exemplary embodiment of the present dis-
closure;

Fig. 2 is a perspective view schematically illustrating
a positional relationship between a flow cell and a
measurement device in an analysis device of the first
exemplary embodiment of the present disclosure;
Fig. 3 is a functional block diagram of an analysis
device of the first exemplary embodiment of the
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present disclosure;

Fig. 4 is a block diagram illustrating a hardware con-
figuration of a controller;

Figs. 5A and 5B are flowcharts illustrating operation
of an analysis device of the first exemplary embod-
iment of the present disclosure;

Figs. 6 to 12 are schematic diagrams illustrating op-
eration of an analysis device of the first exemplary
embodiment of the present disclosure;

Fig. 13 is a schematic diagram of an analysis device
of a second exemplary embodiment of the present
disclosure;

Fig. 14 is a functional block diagram of an analysis
device of the second exemplary embodiment of the
present disclosure;

Figs. 15A and 15B are flowcharts illustrating opera-
tion of an analysis device of the second exemplary
embodiment of the present disclosure; and

Figs. 16 to 22 are schematic diagrams illustrating
operation of an analysis device of the second exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0010] An exemplary embodiment of the present dis-
closure is as described below. Note that reference nu-
merals appended to each configuration element in the
following description corresponds to reference numerals
shown in the drawings for the convenience of reference.
However, the present disclosure is obviously not limited
thereby.

<Liquid Sample Analysis Method>

[0011] A liquid sample analysis method of the present
disclosure employs the following configuration: a flow cell
20 including a sheath fluid flow path 21, a sample flow
path 22, a confluent flow path 23 at which the sheath fluid
flow path 21 and the sample flow path 22 join together,
a sheath fluid port 21A that is at the upstream end of the
sheath fluid flow path 21, and a sample port 22A that is
at the upstream end of the sample flow path 22; a sheath
fluid supply path 31 connected to the sheath fluid port
21A; an aspirator 12 to aspirate the liquid sample 70 and
air 90; a sample supply path 33 that connects the aspi-
rator 12 and the sample port 22A; a sample extrusion
path 32 joining a first branch point 51A provided on the
sample supply path 33; a second branch point 52A pro-
vided on the sample supply path 33 between the first
branch point 51A and the sample port 22A; a third branch
point 53A provided either partway along the sheath fluid
supply path 31 or partway along the sample extrusion
path 32;a branch flow path 34 interconnecting the second
branch point 52A and the third branch point 53A; and a
first switch 51, a second switch 52, and a third switch 53
respectively provided at the first branch point 51A, the
second branch point 52A, and the third branch point 53A
to enable switching of respective three flow paths located
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at each of the first branch point, the second branch point
and the third branch point.

[0012] The liquid sample analysis method of the
present disclosure includes:

(1) switching the flow paths of the first switch 51, the
second switch 52, and the third switch 53 so that a
specific flow path 30, which is a flow path, among
the sheath fluid supply path 31 and the sample ex-
trusion path 32, that is provided with the third branch
point 53A, communicates with the aspirator 12 via
the branch flow path 34;

(2) aspirating the air 90 from the aspirator 12;

(3) aspirating the liquid sample 70 from the aspirator
12 to the sample supply path 33 so that an entire
amount of the aspirated air 90 is accommodated in
the branch flow path 34;

(4) switching the flow paths of the first switch 51, the
second switch 52, and the third switch 53 so that the
sample extrusion path 32 communicates with the
sample port 22A, the sheath fluid supply path 31
communicates with the sheath fluid port 21A, and
the branchflow path 34 is isolated from both the sam-
ple supply path 33 and the specific flow path 30;
(5) causing a sheath fluid 80 to flow from the sheath
fluid supply path 31 to the sheath fluid flow path 21
and causing a sheath fluid 80 to flow from the sample
extrusion path 32 to the sample supply path 33 so
that the liquid sample 70 in the sample supply path
33 is extruded and is caused to flow into the sample
flow path 22; and

(6) measuring, in the confluent flow path 23, the liquid
sample 70 from the sample flow path 22 that is joined
by the sheath fluid 80 from the sheath fluid flow path
21.

[0013] Note that, in the liquid sample analysis method
of the present disclosure, it is preferable to aspirate a
portion of the liquid sample 70 into the branch flow path
34 while aspirating the liquid sample 70.

[0014] Moreover, itis preferable that the liquid sample
70 is a liquid specimen derived from a biological body.
[0015] Furthermore, measuring the liquid sample 70
includes acquiring an image of the liquid sample 70.

<Liquid Sample Analysis Device>

[0016] The liquid sample analysis device 10 of the
presentdisclosure is capable of executing the liquid sam-
ple analysis method described above, andincludes a flow
cell 20 including a sheath fluid flow path 21, a sample
flow path 22, a confluent flow path 23 at which the sheath
fluid flow path 21 and the sample flow path 22 join to-
gether, a sheath fluid port 21A that is an upstream end
of the sheath fluid flow path 21, and a sample port 22A
that is an upstream end of the sample flow path 22; a
measurement device 11 installed at the confluent flow
path 23; a sheath fluid supply path 31 connected to the
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sheath fluid port 21A; a first pump 41 provided on the
sheath fluid supply path 31 and capable of supplying the
sheath fluid 80 into the sheath fluid supply path 31; an
aspirator 12 to aspirate the liquid sample 70 and the air
90; a sample supply path 33 that connects the aspirator
12 and the sample port 22A; a sample extrusion path 32
joining a first branch point 51A provided on the sample
supply path 33; a second pump 42 provided on the sam-
ple extrusion path 32 and capable of supplying the sheath
fluid 80 into the sample extrusion flow path 32; a sheath
fluid storage unit 13 to supply the sheath fluid to the first
pump 41 and the second pump 42; a second branch point
52A provided on the sample supply path 33 between the
first branch point 51A and the sample port 22A; a third
branch point 53A provided either partway along the
sheath fluid supply path 31 or partway along the sample
extrusion path 32; a branch flow path 34 interconnecting
the second branch point 52A and the third branch point
53A; and a first switch 51, a second switch 52, and a third
switch 53 respectively provided at the first branch point
51A, the second branch point 52A, and the third branch
point 53A to enable switching of the respective three flow
paths located at each of the first branch point 51A, the
second branch point 52A and the third branch point 53A.
In other words, the flow cell 20, a sample supply path 33,
and an aspirator 12 in this order are connected to each
other.

[0017] The first switch 51, the second switch 52, and
the third switch 53 may employ valves capable of opening
and closing the respective three flow paths joining ateach
switch. For example, a configuration may be adopted in
which a two-way valve is provided at each of the three
flow paths, or a configuration may be adopted in which
a single three-way valve is provided at the confluence of
the three flow paths. A configuration in which a three-
way valve is provided is preferable due to simplifying the
flow path structure. The flow path switching can be
achieved by combinations of opening and closing the
valves on the three flow paths, communicating liquid or
gas across a freely chosen two of the flow paths from out
of the three flow paths, and setting the remaining flow
path so as not to be in communication therewith.
[0018] The liquid sample analysis device 10 of the
present disclosure further includes a controller 100 in-
cluding afirst pump controller 141 to control the first pump
41, a second pump controller 142 to control the second
pump 42, afirst switch controller 151 configured to control
flow path switching in the first switch 51, a second switch
controller 152 configured to control flow path switching
in the second switch 52, a third switch controller 153 con-
figured to control flow path switching in the third switch
53, and a measurement controller 111 configured to con-
trol measurement by the measurement device 11.
[0019] Either the sheath fluid supply path 31 or the
sample extrusion path 32 on which the third branch point
53A is provided is referred to as the specific flow path
30. Either the first pump 41 or the second pump 42 that
is provided on the specific flow path 30 is referred to as
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the specific pump 40. The specific pump 40 is configured
so as to also be capable of aspirating the sheath fluid 80
from the specific flow path 30. Either the first pump con-
troller 141 or the second pump controller 142 that controls
the specific pump 40 is referred to as the specific pump
controller 140. A side closer to the flow cell 20 in each of
the specific flow path 30 and the sample supply path 33
is defined as a downstream side, and an opposite side
thereto is defined as an upstream side. As described lat-
er, the specific pump 40 has arole of aspirating the liquid
sample 70 and the air 90 from the aspirator 12 to the
branch flow path 34.

[0020] In a state in which the sheath fluid supply path
31, the sample supply path 33, the sample extrusion path
32, and the branch flow path 34 are filled with the sheath
fluid, the first switch controller 151 switches the first
switch 51 so that the flow paths at the first branch point
51A communicate from the upstream side to the down-
stream side of the sample supply path 33. The second
switch controller 152 switches the second switch 52 so
that the flow paths at the second branch point 52A com-
municate from the upstream side of the sample supply
path 33 to the branch flow path 34. The third switch con-
troller 153 switches the third switch 53 so that the flow
paths at the third branch point 53A communicate from
the branch flow path 34 to the upstream side of the spe-
cific flow path 30.

[0021] Moreover, in the state in which the upstream
side and the downstream side of the sample supply path
33 are in communication at the first branch point 51A,
the upstream side of the sample supply path 33 and the
branch flow path 34 are in communication at the second
branch point 52A, and the branch flow path 34 and the
upstream side of the specific flow path 30 are in commu-
nication at the third branch point 53A, the specific pump
controller 140 actuates the specific pump 40 to aspirate
the sheath fluid 80 from the specific flow path 30, thereby
aspirating the air 90 from the aspirator 12 to the sample
supply path 33 and furthermore aspirating the liquid sam-
ple 70 from the aspirator 12 to the sample supply path 33.
[0022] As described above, due to aspirating the air
90 before aspirating the liquid sample 70 from the aspi-
rator 12 to the sample supply path 33, air is interposed
between the sheath fluid 80 that has been filled in the
aspirator 12, and the liquid sample 70. Thereby, the
sheath fluid 80 and the liquid sample 70 are not in direct
contact when the liquid sample 70 is aspirated from the
aspirator 12 to the sample supply path 33. Accordingly,
it is possible to avoid dilution of the liquid sample 70 with
the sheath fluid 80 until the liquid sample 70 is introduced
to the flow cell 20. The entire amount of the aspirated air
90 can be appropriately determined according to a shape
and a cross-sectional area of the flow path from the as-
pirator 12 to the sample supply path 33, and a volume of
the branch flow path 34.

[0023] Then, actuation of the specific pump 40is halted
in a state in which the entire amount of the aspirated air
90 passes the second branch point 52A and reaches the
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branch flow path 34. In other words, the aspirated air 90
is shunted from the sample supply path 33 to the branch
flow path 34. The internal diameter and the length of the
branch flow path 34 are determined so that the volume
of the branch flow path 34 exceeds the volume of the air
90 aspirated from the aspirator 12. Thereby, the entire
amount of the aspirated air 90 can be accommodated in
the branch flow path 34.

[0024] Furthermore, in the state in which the entire
amount of the aspirated air 90 reaches the branch flow
path 34, the first switch controller 151 switches the first
switch 51 so that the flow paths at the first branch point
51A communicate from the sample extrusion path 32 to
the downstream side of the sample supply path 33, the
second switch controller 152 switches the second switch
52 so that the flow paths at the second branch point 52A
communicate from the upstream side to the downstream
side of the sample supply path 33, and the third switch
controller 153 switches the third switch 53 so that the
flow paths at the third branch point 53A communicate the
upstream side with the downstream side of the specific
flow path 30.

[0025] An isolated state is thereby achieved in which
the aspirated air 90 is sealed in the branch flow path 34,
since the communication of liquid or gas between the
branch flow path 34 containing the entire amount of the
aspirated air 90 and both of the specific flow path 30 and
the sample extrusion path 32 is interrupted.

[0026] Moreover, in the state in which the sample ex-
trusion path 32 is in communication with the downstream
side of the sample supply path 33 at the first branch point
51A, the upstream side of the sample supply path 33 is
in communication with the downstream side thereof at
the second branch point 52A, and the upstream side of
the specific flow path 30 is in communication with the
downstream side thereof at the third branch point 53A,
the first pump controller 141 actuates the first pump 41
to supply the sheath fluid 80 into the sheath fluid supply
path 31, and causes the sheath fluid 80 to flow into the
sheath fluid flow path 21. In addition, the second pump
controller 142 actuates the second pump 42 to supply
the sheath fluid 80 into the sample extrusion path 32 so
as to extrude the liquid sample 70 present in the sample
supply path 33 to cause the liquid sample 70 to flow into
the sample flow path 22.

[0027] The measurement controller 111 causes the
measurement device 11 to measure the liquid sample 70
at the confluent flow path 23 where the liquid sample 70
from the sample flow path 22 is joined by the sheath fluid
80 from the sheath fluid flow path 21.

[0028] Note that the aspirated air 90 is sealed in the
branch flow path 34 as described above. Therefore, even
if the sheath fluid 80 flows in the sheath fluid supply path
31 and the sample extrusion path 32, effects of pressure
or the like of the fluid delivery do not affect the branch
flow path 34. Thereby, it is possible to prevent the air is
sealed in the branch flow path 34 from flowing from the
branch flow path 34 into the flow cell 20.
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[0029] Note thatportions of the aspirated liquid sample
70 in close proximity to the air 90 are sometimes diluted
by sheath fluid 80 remaining in the flow path, and some-
times contain dirt from the flow path. Thus, itis preferable
for the specific pump controller 140 to actuate the specific
pump 40 to aspirate the sheath fluid 80 from the specific
flow path 30 until a portion of the liquid sample 70 reaches
the branch flow path 34. Thus, to ensure that a portion
of liquid sample 70 is also sealed in the branch flow path
34 through the second switch 52, makes it possible to
prevent a diluted liquid sample or a liquid sample con-
taining dirt from flowing into the flow cell 20.

[0030] Note that with respect to the liquid sample 70,
there are no particular limitations as long as the liquid
sample 70 is a liquid capable of flowing in the flow cell
20. For example, the liquid sample 70 may be a liquid,
or the liquid sample 70 may be diluted liquid produced
by, for example, suspending, dispersing, or dissolving a
solid in a liquid medium. When the liquid sample 70 is a
liquid, for example, the neat liquid may be used as-is as
the liquid sample 70, or a diluted liquid may be employed
for the liquid sample 70 in which the neat liquid is sus-
pended, dispersed, or dissolved in a liquid medium.
There are no particular limitations to the liquid medium
as long as the medium is capable of suspending, dis-
persing, or dissolving a solid, and examples of the me-
diuminclude water, a buffer solution, or the like. The liquid
sample 70 is preferably a liquid specimen derived from
a biological body. The liquid specimen derived from a
biological body is not particularly limited and examples
thereof include urine, blood, saliva, sweat, and the like.
The blood sample may, for example, be erythrocytes,
whole blood, serum, blood plasma, or the like. Examples
of the biological body include a human, a non-human
animal, a plant, or the like, and the non-human animal
may, for example, be a mammal other than a human, a
reptile/amphibian, a fish, an insect, or the like. The liquid
sample analysis method of the present disclosure is par-
ticularly appropriate to analysis of a liquid specimen de-
rived from a biological body, for example human urine,
as the liquid sample 70, and in particular to the analysis
of formed elements contained therein.

[0031] The measurement device 11 may be appropri-
ately selected according to the type of liquid sample 70
and measurement item, such as the component, physical
property etc. of the liquid sample. The measurement de-
vice 11 may be photometric device such as a spectro-
photometer, imaging device (for example a camera), or
the like, and may be an electrometric device such as a
sensor or the like. Due to being able to avoid the inflow
of the air 90 into the flow cell 20 by employing the con-
figuration described in the present disclosure, occur-
rence of bubbles inside the flow cell 20 can also be avoid-
ed. The configuration described in the present disclosure
is accordingly advantageous in cases in which measure-
ments by the measurement device 11 employed would
be impeded by the presence of bubbles. For example, in
cases in which an imaging device is employed as the
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measurement device 11 to observe and measure solid
components suspended or dispersed in the liquid sample
70 using images obtained with the imaging device, the
outline and shape of bubbles are imaged similarly to the
solid components subject to measurement. There is ac-
cordingly a need to discriminate between solid compo-
nents subject to measurement, and bubbles, and this im-
pedes measurement. The present disclosure is accord-
ingly particularly advantageously employed in cases in
which an imaging device is employed as the measure-
ment device 11.

[0032] Note that measurements referred to here in-
clude detecting a particular component of the liquid sam-
ple 70 in a quantitative or qualitative manner, acquiring
images with an imaging device such as a camera and
observing and analyzing such images.

[0033] Explanation follows regarding an exemplary
embodiment of the present disclosure, with reference to
the drawings.

First Exemplary Embodiment

[0034] Fig. 1 schematically illustrates a first exemplary
embodiment of the analysis device 10, using urine as the
liquid sample 70 and analyzing formed elements in the
urine. In the present exemplary embodiment the sheath
fluid supply path 31 and the sample supply path 33 are
connected as flow paths to flow into the flow cell 20. A
waste liquid path 36 is also connected as a flow path to
flow out from the flow cell 20. For convenience the first
exemplary embodiment will be described for a case in
which the analysis device 10 is employed to analyze
formed elements in urine, however the liquid sample 70
of the first exemplary embodiment is not limited to urine.

Configuration of Analysis Device 10

[0035] The flow cell 20 is preferably formed from a
transparent material, for example, a material having a
transparency to visible light of not less than 90%, such
as, for example, glass, or a synthetic resin such as
polymethyl methacrylate resin, a cyclo olefin polymerres-
in, a polydimethylsiloxane resin, a polypropylene resin,
or the like. The flow cell 20 can be formed from such a
material by sticking two rectangular shaped plate mem-
bers thereof together. More specifically, the sheath fluid
flow path 21 is formed as a rectangular shaped groove
in the surface of one of such plate members, and a
straight line shaped groove is also formed orthogonal to
one of the short sides of the rectangular shape. The
straight line shaped groove forms the sample flow path
22 extending outward from the short side, and forms the
confluent flow path 23 extending inward from the short
side. The sample flow path 22 has a leading end desti-
nation in the vicinity of the short side of the plate member.
The confluent flow path 23 has a leading end destination
in the vicinity of the short side of the sheath fluid flow
path 21 on the opposite side thereto. The sheath fluid
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port 21A, the sample port 22A, and a waste liquid port
23A are formed as three holes in the other plate member.
The sheath fluid port 21A is aligned with a position at a
midpoint of the short side of the sheath fluid flow path 21
that does not orthogonally intersect the sample flow path
22 and confluent flow path 23. The sample port 22A is
aligned with a position at the leading end of the sample
flow path 22, and the waste liquid port 23A is aligned with
a position at the leading end of the confluent flow path
23. Thus sticking the two plate members together forms
the flow cell 20 which incorporates the sheath fluid port
21A that communicates the sheath fluid flow path 21 with
outside, the sample port 22A that communicates the
sample flow path 22 with outside, and the waste liquid
port 23A that communicates the confluent flow path 23
with outside. The sheath fluid supply path 31 is connected
to the sheath fluid port 21A. The sample supply path 33
is connected to the sample port 22A. The waste liquid
path 36 is connected to the waste liquid port 23A.
[0036] In other words, the sheath fluid supply path 31
branches via the sheath fluid port 21A into two sheath
fluid flow paths 21 inside the flow cell 20. On the other
hand, the sample supply path 33 extends via the sample
port 22A into the sample flow path 22 in the flow cell.
Then, the two sheath fluid flow paths 21 and the sample
flow path 22 join together to be the confluent flow path
23, which in turn extends via the waste liquid port 23A
into the waste liquid path 36.

[0037] The aspirator 12 is formed as a nozzle with a
leading end fitted to the most upstream end of the sample
supply path 33. The aspirator 12 is a configuration ele-
ment to aspirate the liquid sample 70 from a sample con-
tainer 60 containing the liquid sample 70 using the first
pump 41 serving as the specific pump 40, as described
later. The first branch point 51A is set partway along the
sample supply path 33, at which the first switch 51 con-
figured by a three-way valve is provided. The sample
extrusion path 32 is connected to the sample supply path
33 via the first switch 51. In other words, the sample ex-
trusion path 32 joins the sample supply path 33 at the
first branch point 51A.

[0038] The sheath fluid 80 (see Fig. 6 to Fig. 12) is
supplied from the first pump 41 into the sheath fluid sup-
ply path 31. Moreover, the sheath fluid 80 is also supplied
from the second pump 42 into the sample extrusion path
32. In the present exemplary embodiment, plunger
pumps are employed for both the first pump 41 and the
second pump 42, enabling the sheath fluid 80 to also be
aspirated from the sheath fluid supply path 31 and the
sample extrusion path 32. Note that although the first
pump 41 functions as the specific pump 40 in the present
exemplary embodiment as described later, the second
pump 42 not serving as the specific pump 40 may employ
apump, such as a tube pump, thatonly has afluid delivery
function and does not have an aspiration function.
[0039] The sheathfluid storage unit13is atankto store
the sheath fluid 80 for supply to the flow cell 20 through
the first pump 41 and the second pump 42. A sheath fluid
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transport path 35 extends from the sheath fluid storage
unit 13 as tubing connected to the first pump 41 and the
second pump 42. A first sheath fluid valve 54 is provided
to the sheath fluid transport path 35 between the sheath
fluid storage unit 13 and the first pump 41, and a second
sheath fluid valve 55 is provided to the sheath fluid trans-
port path 35 between the sheath fluid storage unit 13 and
the second pump 42. The first sheath fluid valve 54 and
the second sheath fluid valve 55 are both capable of
opening and closing along only one direction.

[0040] Note that in the present exemplary embodi-
ment, a side closerto the flow cell 20 in each of the sheath
fluid supply path 31, the sample extrusion path 32, and
the sample supply path 33 is defined as a downstream
side, and an opposite side thereto is defined as an up-
stream side.

[0041] The second branch point 52A is also set on the
sample supply path 33 between the first branch point 51A
and the sample port 22A of the flow cell 20 (in other words
at the downstream side of the first branch point 51A), at
which the second switch 52 configured by a three-way
valve is provided. On the other hand, the third branch
point 53A is set partway along the sheath fluid supply
path 31 (in other words between the first pump 41 and
the sheath fluid port 21A of the flow cell 20), at which the
third switch 53 configured by a three-way valve is pro-
vided. Further, the second branch point 52A and the third
branch point 53A are interconnected through the branch
flow path 34.

[0042] Note that the sheath fluid supply path 31 on
which the third branch point 53A is provided is also re-
ferred to as the specific flow path 30. The first pump 41
to supply the sheath fluid 80 to the sheath fluid supply
path 31 serving as the specific flow path 30 is also re-
ferred to as the specific pump 40.

[0043] The sheath fluid supply path 31, the sample ex-
trusion path 32, the sample supply path 33, and the
branch flow path 34, as well as the sheath fluid transport
path 35 and the waste liquid path 36, are all configured
by flexible and soft tubing (for example, TEFLON (regis-
tered trademark) tube).

[0044] The sample supply path 33 is divided into three
parts by the first branch point 51A and the second branch
point 52A, and the part of upstream side from the first
branch point 51A is referred to as an upstream section
33U, the part between the first branch point 51A and the
second branch point 52A is referred to as a midstream
section 33M, and the part between the second branch
point 52A and the sample port 22A is referred to as a
downstream section 33D. In other words, the upstream
section 33U and the midstream section 33M of the sam-
ple supply path 33 and the sample extrusion path 32 join
together at the first branch point 51A. Moreover, the mid-
stream section 33M and the downstream section 33D of
the sample supply path 33 and the branch flow path 34
join together at the second branch point 52A.

[0045] Furthermore, the sheath fluid supply path 31
serving as the specific flow path 30 is divided into two
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parts by the third branch point 53A, and the part of the
upstream side from the third branch point 53A is referred
to as an upstream section 30U, and the part of the down-
stream side from the third branch point 53A is referred
to as a downstream section 30D. In other words, the up-
stream section 30U and the downstream section 30D of
the specific flow path 30 and the branch flow path 34 join
together at the third branch point 53A.

[0046] Asiillustrated in Fig. 2, the flow cell 20 is mount-
ed to a recess 14A in a case 14 appropriate for the anal-
ysis device 10. A light source 15 and a camera that is an
imaging device serving as the measurement device 11
are installed at positions facing each other across the
confluent flow path 23 of the flow cell 20. The light source
15 radiates light beams onto the liquid sample 70 flowing
through the confluent flow path 23. The camera serving
as the measurement device 11 measures the liquid sam-
ple 70 flowing with the sheath fluid 80 by imaging the
confluent flow path 23.

[0047] Fig. 3 is a functional block diagram of the anal-
ysis device 10. The controller 100 controls each section
of the analysis device 10. The controller 100 is configured
by hardware as described later so as to function as the
measurement controller 111 configured to control the
measurement device 11, a light source controller 115 to
control the light source 15, the first pump controller 141
serving as the specific pump controller 140 to control
supply and aspiration of liquid by the firstpump 41 serving
as the specific pump 40, the second pump controller 142
to control supply and aspiration of liquid by the second
pump 42, the first switch controller 151 configured to con-
trol flow path switching by the first switch 51, the second
switch controller 152 configured to control flow path
switching by the second switch 52, and the third switch
controller 153 configured to control flow path switching
by the third switch 53.

[0048] Asillustrated by a hardware configuration in Fig.
4, the controller 100 includes a central processing unit
(CPU) 101, read only memory (ROM) 102, random ac-
cess memory (RAM) 103, and storage 104. The config-
uration elements are connected together via a bus 109
so as to be capable of communicating with each other.

[0049] The CPU 101 is a central processing unit and
executes various programs and controls the configura-
tion elements. Namely, the CPU 101 reads a program
out from the ROM 102 or the storage 104, and executes
the program using the RAM 103 as a workspace. The
CPU 101 performs control of the configuration elements
listed above and various computation processing accord-
ing to the programs recorded in the ROM 102 or the stor-
age 104.

[0050] The ROM 102 is stored with various programs
and various data. The RAM 103 serves as a workspace
for temporarily storing programs and data. The storage
104 is configured by a hard disk drive (HDD), a solid state
drive (SSD), or aflash memory, and is stored with various
programs including an operating system, and with vari-
ous data. In the present exemplary embodiment, a pro-
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gram and various data related to measurement and de-
termination is stored in the ROM 102 or the storage 104.
Measurement data may also be saved in the storage 104.
[0051] Due tothe CPU 101 in the hardware configura-
tion described above executing the programs referred to,
the controller 100 functions as the measurement control-
ler 111, the light source controller 115, the first pump
controller 141 (the specific pump controller 140), the sec-
ond pump controller 142, the first switch controller 151,
the second switch controller 152, and the third switch
controller 153 of the analysis device 10, as illustrated in
Fig. 3. A detailed explanation of these functions will be
described below.

Operation of Analysis Device 10

[0052] The operation of the analysis device 10 of the
present exemplary embodiment will now be described,
with reference to the flowcharts of Figs. 5A and 5B, and
the schematic diagrams related to operation of Figs. 6 to
12. Note that arrows appended in the vicinity of the lines
in Figs. 6 to 12 indicate the directions of flow of liquid (or
gas). Moreover, the two directions colored black at each
switch indicate the directions of communicating flow
paths.

[0053] Prior to starting to use the analysis device 10,
the lines of the analysis device 10 are filled with the
sheath fluid 80 in a sheath fluid filling step S 100 of Fig.
5A. First, as illustrated in Fig. 6, the first sheath fluid valve
54 isopened. Thenthefirst switch controller 151 switches
the flow paths of the first switch 51 so as to communicate
the midstream section 33M with the upstream section
33U of the sample supply path 33, the second switch
controller 152 switches the flow paths of the second
switch 52 so as to communicate the branch flow path 34
with the midstream section 33M of the sample supply
path 33, and the third switch controller 153 switches the
flow paths of the third switch 53 so as to communicate
the upstream section 30U of the sheath fluid supply path
31 (the specific flow path 30) with the branch flow path 34.
[0054] In this state, the first pump controller 141 serv-
ing as the specific pump controller 140 actuates the first
pump 41 serving as the specific pump 40, and the sheath
fluid 80 is supplied to the sheath fluid supply path 31
serving as the specific flow path 30. Thereby, the sheath
fluid 80 supplied from the sheath fluid storage unit 13 into
the first pump 41 via the first sheath fluid valve 54 passes
from the first pump 41 through the third switch 53, the
second switch 52, and the first switch 51, so as to reach
the aspirator 12, and is discharged from the leading end
thereof. Namely, the upstream section 30U of the sheath
fluid supply path 31 (the specific flow path 30) from the
first pump 41 to the third switch 53, the branch flow path
34, the midstream section 33M of the sample supply path
33 from the second switch 52 to the first switch 51, and
the upstream section 33U of the sample supply path 33
from the first switch 51 to the aspirator 12, are all filled
with the sheath fluid 80.
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[0055] Next, as illustrated in Fig. 7, the second sheath
fluid valve 55 is also opened together with the first sheath
fluid valve 54. Then the first switch controller 151 switch-
es the flow paths of the first switch 51 so as to commu-
nicate the sample extrusion path 32 with the midstream
section 33M of the sample supply path 33, the second
switch controller 152 switches the flow paths of the sec-
ond switch 52 so as to communicate the midstream sec-
tion 33M with the downstream section 33D of the sample
supply path 33, and the third switch controller 153 switch-
es the flow paths of the third switch 53 so as to commu-
nicate the upstream section 30U with the downstream
section 30D of the specific flow path 30.

[0056] Inthis state the first pump controller 141 serving
as the specific pump controller 140 actuates the first
pump 41 serving as the specific pump 40, and the sheath
fluid 80 is supplied to the sheath fluid supply path 31
serving as the specific flow path 30. Thereby, the sheath
fluid 80 supplied from the sheath fluid storage unit 13 to
the first pump 41 via the first sheath fluid valve 54 passes
from the first pump 41 through the third switch 53 and
reaches the sheath fluid port 21A of the flow cell 20.
Namely, the sheath fluid supply path 31 from the first
pump 41 to the sheath fluid port 21A of the flow cell 20
through the third switch 53 (i.e. the upstream section 30U
and the downstream section 30D of the specific flow path
30) are all filled with the sheath fluid 80.

[0057] Simultaneously, the second pump controller
142 actuates the second pump 42 and the sheath fluid
80 is supplied to the sample extrusion path 32. Thereby,
the sheath fluid 80 supplied from the sheath fluid storage
unit 13 to the second pump 42 via the second sheath
fluid valve 55 passes from the second pump 42 through
the first switch 51 and the second switch 52, and reaches
the sample port 22A of the flow cell 20. Namely, the sam-
ple extrusion path 32 from the second pump 42 to the
first switch 51, the midstream section 33M of the sample
supply path 33 from the first switch 51 to the second
switch 52, and the downstream section 33D of the sample
supply path 33 from the second switch 52 to the sample
port 22A of the flow cell 20, are all filled with the sheath
fluid 80.

[0058] Furthermore, in the flow cell 20, the sheath fluid
80 from the sheath fluid supply path 31 passes through
the sheath fluid port 21A and fills the two branches of the
sheath fluid flow path 21. On the other hand, the sheath
fluid 80 from the sample supply path 33 passes through
the sample port 22A and fills the sample flow path 22.
Then, the sheath fluid 80 from both flows joins together
in the confluent flow path 23, fills the confluent flow path
23, passes through the waste liquid port 23A, fills the
waste liquid path 36, and is discharged to an external
section, not illustrated in the drawings.

[0059] Thereby, the lines of the analysis device 10 are
filled with the sheath fluid 80. In other words, the flow
cell20, a sample supply path 33, and an aspirator 12 are
filled with the sheath fluid 80. Then, the first sheath fluid
valve 54 and the second sheath fluid valve 55 are both
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closed. The first pump controller 141 and the second
pump controller 142 then respectively halt the actuation
of the first pump 41 and the second pump 42.

[0060] Then, ata flow path switching step S110 of Fig.
5A, as illustrated in Fig. 8, the first switch controller 151
switches the flow paths of the first switch 51 so as to
communicate the upstream section 33U with the mid-
stream section 33M of the sample supply path 33, the
second switch controller 152 switches the flow paths of
the second switch 52 so as to communicate the mid-
stream section 33M of the sample supply path 33 with
the branch flow path 34, and the third switch controller
153 switches the flow paths of the third switch 53 so as
to communicate the branch flow path 34 with the up-
stream section 30U of the specific flow path 30.

[0061] In this state, at an air aspiration step S120 of
Fig. 5A, the first pump controller 141 serving as the spe-
cific pump controller 140 actuates the first pump 41 serv-
ing as the specific pump 40 so as to impart a negative
pressure to the upstream section 30U of the sheath fluid
supply path 31 serving as the specific flow path 30, and
the sheath fluid 80 is aspirated from the upstream section
30U of the sheath fluid supply path 31 serving as the
specific flow path 30. Thereby, the air 90 is aspirated
from the aspirator 12. The aspirated air 90 passes from
the upstream section 33U of the sample supply path 33,
and reaches the midstream section 33M of the sample
supply path 33 between the first switch 51 and the second
switch 52.

[0062] Then, at a sample aspiration step S130 of Fig.
5A, while maintaining the operation state of Fig. 8 and
continuing to impart negative pressure to the upstream
section 30U of the sheath fluid supply path 31 serving as
the specific flow path 30, when the aspirator 12 is dipped
in the liquid sample 70 contained in the sample container
60 asillustratedin Fig. 9, the liquid sample 70 is aspirated
from the aspirator 12 into the upstream section 33U of
the sample supply path 33. On the other hand, as illus-
trated in Fig. 9, the aspirated air 90 passes through the
second switch 52 and reaches the branch flow path 34.
The aspirated air 90 described above is interposed be-
tween the sheath fluid 80 filling the aspirator 12, and the
liquid sample 70 aspirated by the aspirator 12, so that
the sheath fluid 80 does not directly contact the liquid
sample 70.

[0063] Next, asillustrated in Fig. 10, the entire amount
of the aspirated air 90 passes the second switch 52 and
reaches the branch flow path 34, the liquid sample 70
simultaneously aspirated reaches the midstream section
33M of the sample supply path 33, and a portion of the
liquid sample 70 passes through the second switch 52
andreaches the branch flow path 34. Then, the first pump
controller 141 serving as the specific pump controller 140
halts actuation of the first pump 41 serving as the specific
pump 40, and stops imparting the negative pressure to
the upstream section 30U of the sheath fluid supply path
31 serving as the specific flow path 30. Thereby, the en-
tireamount of the aspirated air 90 is shunted to the branch
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flow path 34 and accommodated inside the branch flow
path 34.

[0064] Then, at a flow path switching step S140 of Fig.
5B, as illustrated in Fig. 11, the first switch controller 151
switches the flow paths of the first switch 51 so as to
communicate the sample extrusion path 32 with the mid-
stream section 33M of the sample supply path 33, the
second switch controller 152 switches the flow paths of
the second switch 52 so as to communicate the mid-
stream section 33M with the downstream section 33D of
the sample supply path 33, and the third switch controller
153 switches the flow paths of the third switch 53 so as
to communicate the upstream section 30U with the down-
stream section 30D of the specific flow path 30. Thereby,
the entire amount of the aspirated air 90 is sealed inside
the branch flow path 34.

[0065] Inthis state, at a sheath fluid/sample inflow step
S150 of Fig. 5B, the first pump controller 141 serving as
the specific pump controller 140 actuates the first pump
41 serving as the specific pump 40 so as to impart a
positive pressure to the sheath fluid supply path 31 serv-
ing as the specific flow path 30, and the sheath fluid 80
is supplied again to the sheath fluid supply path 31.
Thereby, the sheath fluid 80 flows through the upstream
section 30U of the specific flow path 30 from the first
pump 41 to the third switch 53, and through the down-
stream section 30D of the specific flow path 30 from the
third switch 53, and then into the sheath fluid port 21A of
the flow cell 20.

[0066] Simultaneously, the second pump controller
142 actuates the second pump 42 so as to impart a pos-
itive pressure to the sample extrusion path 32, and the
sheath fluid 80 is supplied again to the sample extrusion
path 32. Thereby, the sheath fluid 80, passing through
the sample extrusion path 32 from the second pump 42
to the first switch 51, reaches the midstream section 33M
of the sample supply path 33, extrudes the liquid sample
70 aspirated in this location, and causes the liquid sample
70 to flow from the second switch 52, through the down-
stream section 33D of the sample supply path 33, to the
sample port 22A of the flow cell 20.

[0067] Then, at a sample measurement step S160 of
Fig. 5B, as illustrated in Fig. 12, at the time when the
sheath fluid 80 flowing from the sample extrusion path
32, passing the second switch 52, reaches the down-
stream section 33D of the sample supply path 33, urine
as the liquid sample 70 that flows from the sample port
22A of the flow cell 20 to the sample flow path 22 joins
the sheath fluid 80 that flows from the two paths of the
sheath fluid flow path 21, and reaches the confluent flow
path 23. The urine as the liquid sample 70 is measured
by illumination from the light source 15, having a light
intensity adjusted by the light source controller 115, with
the camera serving as the measurement device 11 con-
trolled by the measurement controller 111. Namely, dis-
crimination of types of formed elements present in the
urine and measurement of amounts of the formed ele-
ments in the urine are performed using outlines and sizes
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of objects appearing in images taken by the camera. Note
that a waste liquid 75 that is a mixture of the liquid sample
70 and the sheath fluid 80 in the confluent flow path 23
is, at a waste liquid discharge step S170 of Fig. 5B, dis-
charged fromthe waste liquid port 23A, through the waste
liquid path 36, to an external section, not illustrated in the
drawings.

[0068] Note that a portion of the liquid sample 70 that
contacts the sheath fluid 80 delivered by the second
pump 42, that is, an end portion of the liquid sample 70
thatis the last portion to flow into the flow cell 20, is diluted
by the sheath fluid 80. Thus, itis preferable that the meas-
urement controller 111 may complete the measurement
before the portion reach the measurement device 11.
[0069] Notethatthe firstpump41andthe second pump
42 may employ pumps having the same capacity, how-
ever, if pumps of different capacity are employed there-
for, then it is preferable that the pump having the larger
capacity is employed for the first pump 41 serving as the
specific pump 40 to aspirate the sheath fluid 80 from the
specific flow path 30.

[0070] Moreover, itis necessary to determine an inter-
nal diameter and a length of the branch flow path 34 so
that a volume of the branch flow path 34 exceeds a vol-
ume of the air 90 aspirated from the aspirator 12. Fur-
thermore, in a case in which a portion of the aspirated
liquid sample 70 is caused to reach the branch flow path
34 as illustrated in Fig. 11, it is necessary to determine
the volume of the branch flow path 34 so that the volume
exceeds a sum of the volume of the air 90 aspirated from
the aspirator 12 and the volume of the portion of the liquid
sample 70. Note that portions of the aspirated liquid sam-
ple 70 in close proximity to the air 90 are sometimes
diluted by sheath fluid 80 remaining in the flow path, and
sometimes contain dirt from the flow path. Thus, it is pref-
erable for the portion of the aspirated liquid sample 70
not to flow into the flow cell by causing the portion to
reach the branch flow path 34 so thatthat portionis sealed
therein.

Second Exemplary Embodiment

[0071] Fig. 13 schematically illustrates a second ex-
emplary embodiment of the analysis device 10 that em-
ploys urine as the liquid sample 70 and analyzes formed
elements in the urine. The second exemplary embodi-
ment differs from the first exemplary embodiment in that
the third switch 53 is provided on the sample extrusion
path 32, and the branch flow path 34 interconnects the
sample supply path 33 and the sample extrusion path
32. In the present exemplary embodiment, similarly to in
the first exemplary embodiment, the sheath fluid supply
path 31 and the sample supply path 33 are connected to
the flow cell 20 as flow paths flowing into the flow cell 20.
Moreover, the waste liquid path 36 is also connected to
the flow cell 20 as a flow path flowing out from the flow
cell 20. For convenience the second exemplary embod-
iment will be described for a case in which the analysis
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10

device 10 is employed for analyzing formed elements in
urine, however the liquid sample 70 of the second exem-
plary embodiment is not limited to urine.

Configuration of Analysis Device 10

[0072] The configuration of the flow cell 20 is similar
to that of the first exemplary embodiment. Namely, the
sheath fluid supply path 31 is connected to the sheath
fluid port 21A of the flow cell 20. The sample supply path
33 is connected to the sample port 22A. The waste liquid
path 36 is connected to the waste liquid port 23A.
[0073] The aspirator 12 is formed as a nozzle with a
leading end fitted to the most upstream end of the sample
supply path 33. The aspirator 12 is a configuration ele-
ment to aspirate the liquid sample 70 from a sample con-
tainer 60 containing the liquid sample 70 using the sec-
ond pump 42 serving as the specific pump 40, as de-
scribed later. The first branch point 51A is set partway
along the sample supply path 33, at which the first switch
51 configured by a three-way valve is provided. The sam-
ple extrusion path 32 is connected to the sample supply
path 33 via the first switch 51. In other words, the sample
extrusion path 32 joins the sample supply path 33 at the
first branch point 51A.

[0074] The sheath fluid 80 (see Fig. 6 to Fig. 12) is
supplied from the first pump 41 into the sheath fluid sup-
ply path 31. Moreover, the sheath fluid 80 is also supplied
from the second pump 42 into the sample extrusion path
32. In the present exemplary embodiment, plunger
pumps are employed for both the first pump 41 and the
second pump 42, enabling the sheath fluid 80 to also be
aspirated from the sheath fluid supply path 31 and the
sample extrusion path 32. Note that although the second
pump 42 functions as the specific pump 40 in the present
exemplary embodiment as described later, the first pump
41 not serving as the specific pump 40 may employ a
pump, such as a tube pump, that only has a fluid delivery
function and does not have an aspiration function.
[0075] The sheath fluid storage unit 13, the sheath fluid
transport path 35, the first sheath fluid valve 54, and the
second sheath fluid valve 55 are all similar to in the first
exemplary embodiment.

[0076] Note thatalso in the present exemplary embod-
iment, similar to in the first exemplary embodiment, a
side closer to the flow cell 20 in each of the sheath fluid
supply path 31, the sample extrusion path 32, and the
sample supply path 33 is defined as a downstream side,
and an opposite side thereto is defined as an upstream
side.

[0077] The second branch point 52A is also set on the
sample supply path 33 between the first branch point 51A
and the sample port 22A of the flow cell 20 (in other words,
at the downstream side of the first branch point 51A), at
which the second switch 52 configured by a three-way
valve is provided. On the other hand, the third branch
point 53A is set partway along the sample extrusion path
32 (in other words between the second pump 42 and the
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first branch point 51A), at which the third switch 53 con-
figured by a three-way valve is provided. Further, the
second branch point 52A and the third branch point 53A
are interconnected by the branch flow path 34.

[0078] Note thatthe sample extrusion path 32 on which
the third branch point 53A is provided is also referred to
as the specific flow path 30. The second pump 42 to
supply the sheath fluid 80 to the sample extrusion path
32 serving as the specific flow path 30 is also referred to
as the specific pump 40.

[0079] The sheath fluid supply path 31, the sample ex-
trusion path 32, the sample supply path 33, and the
branch flow path 34, as well as the sheath fluid transport
path 35 and the waste liquid path 36, are, similarly to in
the firstexemplary embodiment, all configured by flexible
and soft tubing (for example, TEFLON (registered trade-
mark) tube).

[0080] The sample supply path 33 is divided into three
parts by the first branch point 51A and the second branch
point 52A, and, similar to in the first exemplary embodi-
ment, the part of upstream side from the first branch point
51A is referred to as an upstream section 33U, the part
between the firstbranch point 51A and the second branch
point 52A is referred to as a midstream section 33M, and
the part between the second branch point 52A and the
sample port 22A is referred to as downstream section
33D. In other words, the upstream section 33U and the
midstream section 33M of the sample supply path 33 and
the sample extrusion path 32 join together at the first
branch point 51A. Moreover, the midstream section 33M
and the downstream section 33D of the sample supply
path 33 and the branch flow path 34 join together at the
second branch point 52A.

[0081] Furthermore, in the present exemplary embod-
iment, the sample extrusion path 32 serving as the spe-
cific flow path 30 is divided into two parts by the third
branch point 53A, and the part of the upstream side from
the third branch point 53A is referred to as an upstream
section 30U, and the part of the downstream side from
the third branch point 53A is referred to as a downstream
section 30D. In other words, the upstream section 30U
and the downstream section 30D of the specific flow path
30 and the branch flow path 34 join together at the third
branch point 53A.

[0082] The positional relationships of the flow cell 20,
the light source 15 and the measurement device 11 are
similar to those in the first exemplary embodiment as
illustrated in Fig. 2. The meaning of measurement of the
liquid sample 70 is also similar thereto.

[0083] Fig. 14 isa functional block diagram of the anal-
ysis device 10. The controller 100 controls each section
ofthe analysis device 10. The controller 100 is configured
by hardware as described later so as to function as the
measurement controller 111 configured to control the
measurement device 11, the light source controller 115
to control the light source 15, the first pump controller
141 configured to control supply and aspiration of liquid
by the first pump 41, the second pump controller 142
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serving as the specific pump controller 140 configured
to control supply and aspiration of liquid by the second
pump 42 serving as the specific pump 40, the first switch
controller 151 configured to control flow path switching
by the first switch 51, the second switch controller 152
to configured control flow path switching by the second
switch 52, and the third switch controller 153 configured
to control flow path switching by the third switch 53.
[0084] Note that a hardware configuration of the con-
troller 100 is similar to that of the first exemplary embod-
iment, as illustrated in Fig. 4. Due to the CPU 101 in the
hardware configuration described above executing the
programs referred to above, the controller 100 functions
as the measurement controller 111, the light source con-
troller 115, the firstpump controller 141, the second pump
controller 142 (the specific pump controller 140), the first
switch controller 151, the second switch controller 152,
and the third switch controller 153 of the analysis device
10, as illustrated in Fig. 14. A detailed explanation of
these functions will be described later.

Operation of Analysis Device 10

[0085] The operation of the analysis device 10 of the
present exemplary embodiment will now be described,
with reference to the flowcharts of Figs. 15A and 15B,
and the schematic diagrams related to operation of Figs.
16 to 22. Note that arrows appended in the vicinity of the
lines in Figs. 16 to 22 indicate the directions of flow of
liquid (or gas). Moreover, the two directions colored black
at each switch indicate the directions of communicating
flow paths.

[0086] Prior to starting to use the analysis device 10,
the lines of the analysis device 10 are filled with the
sheath fluid 80 in a sheath fluid filling step S200 of Fig.
15A. First, as illustrated in Fig. 16, the second sheath
fluid valve 55 is opened. Then the first switch controller
151 switches the flow paths of the first switch 51 so as
to communicate the midstream section 33M with the up-
stream section 33U of the sample supply path 33, the
second switch controller 152 switches the flow paths of
the second switch 52 so as to communicate the branch
flow path 34 with the midstream section 33M of the sam-
ple supply path 33, and the third switch controller 153
switches the flow paths of the third switch 53 so as to
communicate the upstream section 30U of sample ex-
trusion path 32 with the branch flow path 34.

[0087] In this state, the second pump controller 142
serving as the specific pump controller 140 actuates the
second pump 42 serving as the specific pump 40, and
the sheath fluid 80 is supplied to the sample extrusion
path 32 serving as the specific flow path 30. Thereby,
the sheath fluid 80 supplied from the sheath fluid storage
unit 13 into the second pump 42 via the second sheath
fluid valve 55 passes from the second pump 42 through
the third switch 53, the second switch 52, and the first
switch 51, so as to reach the aspirator 12, and is dis-
charged from the leading end thereof. Namely, the up-
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stream section 30U of the sample extrusion path 32 (the
specific flow path 30) from the second pump 42 to the
third switch 53, the branch flow path 34, the midstream
section 33M of the sample supply path 33 from the sec-
ond switch 52 to the first switch 51, and the upstream
section 33U of the sample supply path 33 from the first
switch 51 to the aspirator 12, are all filled with the sheath
fluid 80.

[0088] Next, as illustrated in Fig. 17, the first sheath
fluid valve 54 is opened together with the second sheath
fluid valve 55. Then the first switch controller 151 switch-
es the flow paths of the first switch 51 so as to commu-
nicate the downstream section 30D of the sample extru-
sion path 32 with the midstream section 33M of the sam-
ple supply path 33, the second switch controller 152
switches the flow paths of the second switch 52 so as to
communicate the midstream section 33M with the down-
stream section 33D of the sample supply path 33, and
the third switch controller 153 switches the flow paths of
the third switch 53 so as to communicate the upstream
section 30U with the downstream section 30D of the spe-
cific flow path 30.

[0089] In this state the first pump controller 141 actu-
ates the first pump 41, and the sheath fluid 80 is supplied
to the sheath fluid supply path 31. Thereby, the sheath
fluid 80 supplied from the sheath fluid storage unit 13 to
the first pump 41 via the first sheath fluid valve 54 passes
from the first pump 41 through the sheath fluid supply
path 31, and reaches the sheath fluid port 21A of the flow
cell 20. Namely, the sheath fluid supply path 31 from the
first pump 41 to the sheath fluid port 21A of the flow cell
20 is all filled with the sheath fluid 80.

[0090] Simultaneously, the second pump controller
142 serving as the specific pump controller 140 actuates
the second pump 42 serving as the specific pump 40,
and the sheath fluid 80 is supplied to the sample extrusion
path 32 serving as the specific flow path 30. Thereby,
the sheath fluid 80 supplied from the sheath fluid storage
unit 13 to the second pump 42 via the second sheath
fluid valve 55 passes from the second pump 42 through
the third switch 53, the first switch 51 and the second
switch 52, and reaches the sample port 22A of the flow
cell 20. Namely, the upstream section 30U of the sample
extrusion path 32 from the second pump 42 to the third
switch 53, the downstream section 30D of the sample
extrusion path 32 from the third switch 53 to the first
switch 51, the midstream section 33M of the sample sup-
ply path 33 from the first switch 51 to the second switch
52, and the downstream section 33D of the sample sup-
ply path 33 from the second switch 52 to the sample port
22A of the flow cell 20, are all filled with the sheath fluid 80.
[0091] Furthermore, in the flow cell 20, the sheath fluid
80 from the sheath fluid supply path 31 passes through
the sheath fluid port 21A and fills the two branches of the
sheath fluid flow path 21. On the other hand, the sheath
fluid 80 from the sample extrusion path 32 passes
through the sample port 22A and fills the sample flow
path 22. Then, the sheath fluid 80 from both flow paths
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joins together in the confluent flow path 23, fills the con-
fluent flow path 23, passes through the waste liquid port
23A, fills the waste liquid path 36, and is discharged to
an external section, not illustrated in the drawings.
[0092] Thereby, the lines of the analysis device 10 are
filled with the sheath fluid 80. Then, the first sheath fluid
valve 54 and the second sheath fluid valve 55 are both
closed. The first pump controller 141 and the second
pump controller 142 then respectively halt actuation of
the first pump 41 and the second pump 42.

[0093] Then, at a flow path switching step S210 in Fig.
15A, as illustrated in Fig. 18, the first switch controller
151 switches the flow paths of the first switch 51 so as
to communicate the upstream section 33U with the mid-
stream section 33M of the sample supply path 33, the
second switch controller 152 switches the flow paths of
the second switch 52 so as to communicate the mid-
stream section 33M of the sample supply path 33 with
the branch flow path 34, and the third switch controller
153 switches the flow paths of the third switch 53 so as
to communicate the branch flow path 34 with the up-
stream section 30U of the specific flow path 30.

[0094] In this state, at an air aspiration step S220 of
Fig. 15A, the second pump controller 142 serving as the
specific pump controller 140 actuates the second pump
42 serving as the specific pump 40 so as to impart neg-
ative pressure to the upstream section 30U of the sample
extrusion path 32 serving as the specific flow path 30,
and the sheath fluid 80 is aspirated from the upstream
section 30U of the sample extrusion path 32 serving as
the specific flow path 30. Thereby, the air 90 is aspirated
from the aspirator 12. The aspirated air 90 flows from the
upstream section 33U of the sample supply path 33 and
reaches the midstream section 33M of the sample supply
path 33 between the first switch 51 and the second switch
52.

[0095] Then, at a sample aspiration step S230 of Fig.
15A, while maintaining the operation state of Fig. 18 and
continuing to impart negative pressure to the upstream
section 30U of the sample extrusion path 32 serving as
the specific flow path 30, when the aspirator 12 is dipped
in the liquid sample 70 contained in the sample container
60, as illustrated in Fig. 19, the liquid sample 70 is aspi-
rated from the aspirator 12 into the upstream section 33U
of the sample supply path 33. On the other hand, as il-
lustrated in Fig. 19, the aspirated air 90 passes through
the second switch 52 and reaches the branch flow path
34. The aspirated air 90 described above is interposed
between the sheath fluid 80 filling the aspirator 12, and
the liquid sample 70 aspirated by the aspirator 12, so that
the sheath fluid 80 does not directly contact the liquid
sample 70.

[0096] Next, asillustrated in Fig. 20, the entire amount
of the aspirated air 90 passes the second switch 52 and
reaches the branch flow path 34, the liquid sample 70
simultaneously aspirated reaches the midstream section
33M of the sample supply path 33, and a portion of the
liquid sample 70 passes through the second switch 52
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and reaches the branch flow path 34. Then, the second
pump controller 142 serving as the specific pump con-
troller 140 halts actuation of the second pump 42 serving
as the specific pump 40, and stops imparting the negative
pressure to the upstream section 30U of the sheath sam-
ple extrusion path 32 serving as the specific flow path
30. Thereby, the entire amount of the aspirated air 90 is
accommodated inside the branch flow path 34.

[0097] Then, ata flow path switching step S240 of Fig.
15B, as illustrated in Fig. 21, the first switch controller
151 switches the flow paths of the first switch 51 so as
to communicate the sample extrusion path 32 with the
midstream section 33M of the sample supply path 33,
the second switch controller 152 switches the flow paths
of the second switch 52 so as to communicate the mid-
stream section 33M with the downstream section 33D of
the sample supply path 33, and the third switch controller
153 switches the flow paths of the third switch 53 so as
to communicate the upstream section 30U with the down-
stream section 30D of the specific flow path 30. Thereby,
the entire amount of the aspirated air 90 is sealed inside
the branch flow path 34.

[0098] In this state, at a sheath fluid/sample inflow step
S250 of Fig. 15B, the first pump controller 141 actuates
the first pump 41 so as to impart a positive pressure to
the sheath fluid supply path 31, and the sheath fluid 80
is supplied again to the sheath fluid supply path 31.
Thereby, the sheath fluid 80 flows through the sheath
fluid supply path 31 from the first pump 41, and into the
sheath fluid port 21A of the flow cell 20.

[0099] Simultaneously, the second pump controller
142 serving as the specific pump controller 140 actuates
the second pump 42 serving as the specific pump 40 so
as to impart a positive pressure to the sample extrusion
path 32 serving as the specific flow path 30, and the
sheath fluid 80 is supplied again to the sample extrusion
path 32. Thereby, the sheath fluid 80, passing through
the upstream section 30U of the specific flow path 30
from the second pump 42 to the third switch 53 and the
downstream section 30D of the specific flow path 30 from
the third switch 53 to the first switch 51, reaches the mid-
stream section 33M of the sample supply path 33, ex-
trudes the liquid sample 70 aspirated in this location, and
causes the liquid sample 70 to flow from the second
switch 52, through the downstream section 33D of the
sample supply path 33, to the sample port 22A of the flow
cell 20.

[0100] Then, at a sample measurement step S260 of
Fig. 15B, as illustrated in Fig. 22, at the time when the
sheath fluid 80 inflowing from the sample extrusion path
32, passing the second switch 52, reaches the down-
stream section 33D of the sample supply path 33, urine
as the liquid sample 70 that flows from the sample port
22A of the flow cell 20 to the sample flow path 22 joins
the sheath fluid 80 that flows from the two paths of the
sheath fluid flow path 21, and reaches the confluent flow
path 23. Measurement of urine as the liquid sample 70,
by the measurement device 11 is similar to that in the
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first exemplary embodiment. Note that a waste liquid 75
that is a mixture of the liquid sample 70 and the sheath
fluid 80 in the confluent flow path 23 is, at a waste liquid
discharge step S270 of Fig. 15B, discharged from the
waste liquid port 23A, through the waste liquid path 36,
to an external section, notillustrated in the drawings, sim-
ilarly to the first exemplary embodiment.

[0101] Note that pumps of the same capacity may be
employed for the first pump 41 and the second pump 42,
however, in cases in which pumps of different capacity
are employed therefor, then it is preferable that the pump
having the larger capacity is employed for the second
pump 42 serving as the specific pump 40 to aspirate the
sheath fluid 80 from the specific flow path 30.

[0102] Moreover, details relating to the volume of the
branch flow path 34 are similar to those of the first ex-
emplary embodiment.

Industrial Applicability

[0103] The present disclosure is applicable to a liquid
sample analysis method and to a liquid sample analysis
device that employ a flow cell.

Claims
1. Aliquid sample analysis method, employing:

a flow cell (20) including a sheath fluid flow path
(21), a sample flow path (22), a confluent flow
path (23) at which the sheath fluid flow path (21)
and the sample flow path (22) join together, a
sheath fluid port (21A) that is at an upstream
end of the sheath fluid flow path (21), and a sam-
ple port (22A) that is at an upstream end of the
sample flow path (22);

a sheath fluid supply path (31) connected to the
sheath fluid port (21A);

anozzle (12) configured to aspirate aliquid sam-
ple (70) and air (90);

asample supply path (33) that connects the noz-
zle (12) and the sample port (22A);
afirstbranch point (51A) provided on the sample
supply path (33);

a sample extrusion path (32) joining the first
branch point (51A);

a second branch point (52A) provided on the
sample supply path (33) between the firstbranch
point (51A) and the sample port (22A);

a third branch point (53A) provided either part-
way along the sheath fluid supply path (31) or
partway along the sample extrusion path (32);
a branch flow path (34) interconnecting the sec-
ond branch point (52A) and the third branch
point (53A); and

a first switch (51), a second switch (52), and a
third switch (53) respectively provided at the first
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branch point (51A), the second branch point
(52A), and the third branch point (53A), to enable
switching of respective three flow paths located
ateach ofthefirstbranch point(51A), the second
branch point (52A) and the third branch point
(53A), the sample analysis method comprising:

switching flow paths of the first switch (51),
the second switch (52) and the third switch
(53), so that a specific flow path (30), which
is a flow path, among the sheath fluid supply
path (31) and the sample extrusion path
(32), that is provided with the third branch
point (53A), communicates with the nozzle
(12) via the branch flow path (34);
aspirating air (90) from the nozzle (12);
aspirating the liquid sample (70) from the
nozzle (12) to the sample supply path (33)
so that an entire amount of the aspirated air
(90) is accommodated in the branch flow
path (34);

switching the flow paths of the first switch
(51), the second switch (52), and the third
switch (53), so that the sample extrusion
path (32) communicates with the sample
port (22A), the sheath fluid supply path (31)
communicates with the sheath fluid port
(21A), and the branch flow path (34) is iso-
lated from both the sample supply path (33)
and the specific flow path (30);

causing a sheath fluid (80) to flow from the
sheath fluid supply path (31) to the sheath
fluid flow path (21) and causing the sheath
fluid (80) to flow from the sample extrusion
path (32) to the sample supply path (33) so
that the liquid sample (70) in the sample
supply path (33) is extruded and is caused
to flow into the sample flow path (22); and
measuring, in the confluent flow path (23),
the liquid sample (70) from the sample flow
path (22) that is joined by the sheath fluid
(80) from the sheath fluid flow path (21).

The liquid sample analysis method of claim 1, where-
in a volume of the entire amount of the air (90) as-
pirated from the nozzle (12) is smaller than a volume
of the branch flow path (34).

The liquid sample analysis method of claim 1 or claim
2, wherein aspirating the liquid sample (70) includes
aspirating a portion of the liquid sample (70) into the
branch flow path (34).

The liquid sample analysis method of any one of
claims 1 to 3, wherein the liquid sample (70) is a

liquid specimen derived from a biological body.

The liquid sample analysis method of any one of
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claims 1 to 4, wherein measuring the liquid sample
(70) includes acquiring an image of the liquid sample
(70).

6. A liquid sample analysis device (10), comprising:

a flow cell (20) including a sheath fluid flow path
(21), a sample flow path (22), a confluent flow
path (23) at which the sheath fluid flow path (21)
and the sample flow path (22) join together, a
sheath fluid port (21A) that is at an upstream
end of the sheath fluid flow path (21), and a sam-
ple port (22A) that is at an upstream end of the
sample flow path (22);

a measurement device (11) installed at a posi-
tion facing toward the confluent flow path (23);
a sheath fluid supply path (31) connected to the
sheath fluid port (21A);

a first pump (41) provided on the sheath fluid
supply path (31) and configured to supply a
sheath fluid (80) to the sheath fluid supply path
(31);

anozzle (12) configured to aspirate aliquid sam-
ple (70) and air (90);

asample supply path (33) that connects the noz-
zle (12) and the sample port (22A);
afirstbranch point (51A) provided on the sample
supply path (33);

a sample extrusion path (32) joining the first
branch point (51A);

a second pump (42) provided on the sample ex-
trusion path (32) and configured to supply the
sheath fluid (80) to the sample extrusion path
(32);

a sheath fluid storage unit (13) configured to
supply the sheath fluid (80) to the first pump (41)
and the second pump (42);

a second branch point (52A) provided on the
sample supply path (33) between the firstbranch
point (51A) and the sample port (22A);

a third branch point (53A) provided either part-
way along the sheath fluid supply path (31) or
partway along the sample extrusion path (32);
a branch flow path (34) interconnecting the sec-
ond branch point (562A) and the third branch
point (53A);

a first switch (51), a second switch (52), and a
third switch (53) respectively provided at the first
branch point (51A), the second branch point
(52A), and the third branch point (53A), to enable
switching of respective three flow paths located
ateach of the first branch point (51A), the second
branch point (52A) and the third branch point
(53A); and

a controller (100) including a first pump control-
ler (141) configured to control the first pump (41),
a second pump controller (142) configured to
control the second pump (42), a first switch con-
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troller (151) configured to control flow path
switching in the first switch (51), a second switch
controller (152) configured to control flow path
switching in the second switch (52), a third
switch controller (153) configured to control flow
path switching in the third switch (53), and a
measurement controller (111) configured to
control measurement by the measurement de-
vice (11), wherein:

either the sheath fluid flow path (21) or the
sample extrusion path (32) on which the
third branch point (53A) is provided is re-
ferred to as a specific flow path (30);
either the first pump (41) or the second
pump (42) that is provided on the specific
flow path (30) is referred to as a specific
pump (40), which is configured to aspirate
the liquid sample (70) and air (90) from the
nozzle (12) to the branch flow path (34);
either the first pump controller (141) or the
second pump controller (142) that is config-
ured to control the specific pump (40) is re-
ferred to as a specific pump controller (140);
a side closer to the flow cell (20) in each of
the specific flow path (30) and the sample
supply path (33) is defined as adownstream
side and an opposite side thereto is defined
as an upstream side;

in a state in which the sheath fluid supply
path (31), the sample supply path (33), the
sample extrusion path (32) and the branch
flow path (34) are filled with the sheath fluid
(80), the first switch controller (151) is con-
figured to switch the first switch (51) so that
the flow paths at the first branch point (51A)
communicate from the upstream side to the
downstream side of the sample supply path
(33), the second switch controller (152) is
configured to switch the second switch (52)
so that the flow paths at the second branch
point (52A) communicate from the up-
stream side of the sample supply path (33)
to the branch flow path (34), and the third
switch controller (153) is configured to
switch the third switch (53) so that the flow
paths at the third branch point (53A) com-
municate from the branch flow path (34) to
the upstream side of the specific flow path
(30);

the specific pump controller (140) is config-
ured to actuate the specific pump (40) to
aspirate the air (90) from the nozzle (12) to
the sample supply path (33), and further to
aspirate the liquid sample (70) from the noz-
zle (12) to the sample supply path (33), and
is configured to halt the actuation of the spe-
cific pump (40) in a state in which an entire
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amount of the aspirated air (90) passes the
second branch point (52A) and is accom-
modated in the branch flow path (34);

the first switch controller (151) is configured
to switch the first switch (51) so that the flow
paths at the first branch point (51A) com-
municate from the sample extrusion path
(32) to the downstream side of the sample
supply path (33), the second switch control-

ler (152) is configured to switch the second
switch (52) so that the flow paths at the sec-
ond branch point (52A) communicate from
the upstream side to the downstream side
of the sample supply flow, and the third
switch controller (153) is configured to
switch the third switch (53) so that the flow
paths at the third branch point (53A) com-
municate the upstream side with the down-
stream side of the specific flow path (30);
the first pump controller (141) is configured
to actuate the first pump (41) to supply the
sheath fluid (80) into the sheath fluid supply
path (31) to cause the sheath fluid (80) to
flow into the sheath fluid flow path (21), and
the second pump controller (142) is config-
ured to actuate the second pump (42) to
supply the sheath fluid (80) into the sample
extrusion path (32) so as to extrude the lig-
uid sample (70) in the sample supply path
(33) to cause the liquid sample (70) to flow
into the sample flow path (22); and

the measurement controller (111) is config-
ured to cause the measurement device (11)
to measure the liquid sample (70) from the
sample flow path (22) in the confluent flow
path (23).

7. The liquid sample analysis device (10) of claim 6,
wherein a volume of the entire amount of the air (90)
aspirated from the nozzle (12) is smaller than a vol-
ume of the branch flow path (34).

8. The liquid sample analysis device (10) of claim 6 or

claim 7, wherein the specific pump controller (140)
is configured to actuate the specific pump (40) and
to aspirate the sheath fluid (80) from the specific flow
path (30) until a portion of the liquid sample (70)
reaches the branch flow path (34).

9. Theliquid sample analysis device (10) of any one of

claims 6 to 8, wherein the liquid sample (70) is a
liquid specimen derived from a biological body.
Patentanspriiche

1. Flussigkeitsprobenanalyseverfahren, das Folgen-
des verwendet:
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eine Durchflusszelle (20) mit einem Hullfluid-
stromungspfad (21), einem Probenstrémungs-
pfad (22), einem konfluenten Strémungspfad
(23), an dem der Hiillfluidstromungspfad (21)
und der Probenstrémungspfad (22) zusammen-
laufen, einem an einem stromaufwartigen Ende
des Huillfluidstromungspfads (21) befindlichen
Hullfluidanschluss (21A) und einem an einem
stromaufwartigen Ende des Probenstrémungs-
pfads (22) befindlichen Probenanschluss (22A);
einen Hullfluidzufihrungspfad (31), der mit dem
Hullfluidanschluss (21A) verbunden ist;

eine Duse (12), die zum Ansaugen einer Flis-
sigkeitsprobe (70) und von Luft (90) konfiguriert
ist;

einen Probenzufiihrungspfad (33), der die Dise
(12) und den Probenanschluss (22A) miteinan-
der verbindet;

einen ersten Verzweigungspunkt (51A), der auf
dem Probenzufiihrungpfad (33) vorgesehen ist;
einen Probenextrusionspfad (32), der auf den
ersten Verzweigungspunkt (51A) trifft;

einen zweiten Verzweigungspunkt (52A), der
auf dem Probenzufiihrungspfad (33) zwischen
dem ersten Verzweigungspunkt (51A) und der
Probendffnung (22A) vorgesehen ist;
einendritten Verzweigungspunkt (53A), der ent-
weder an einer Stelle entlang des Hullfluidzu-
fuhrungspfads (31) oder an einer Stelle entlang
des Probenextrusionspfads (32) vorgesehen
ist;

einen Zweigstromungspfad (34), der den zwei-
ten Verzweigungspunkt (52A) und den dritten
Verzweigungspunkt (53A) miteinander verbin-
det; und

einen ersten Schalter (51), einen zweiten Schal-
ter (52) und einen dritten Schalter (53), die je-
weils am ersten Verzweigungspunkt (51A), am
zweiten Verzweigungspunkt (52A) und am drit-
ten Verzweigungspunkt (53A) vorgesehen sind,
umdas Schalten von jeweiligen drei Stromungs-
pfaden zu ermdglichen, die sich an jedem von
erstem Verzweigungspunkt (51A), zweitem Ver-
zweigungspunkt (52A) und drittem Verzwei-
gungspunkt (53A) befinden, wobei das Proben-
analyseverfahren Folgendes beinhaltet:

Schalten von Stromungspfaden des ersten
Schalters (51), des zweiten Schalters (52)
und des dritten Schalters (53), so dass ein
spezifischer Stromungspfad (30), der ein
Stromungspfad unter dem Hullfluidzufih-
rungspfad (31) und dem Probenextrusions-
pfad (32) ist, der mit dem dritten Verzwei-
gungspunkt (53A) versehen ist, mit der Di-
se (12) Uber den Zweigstromungspfad (34)
in Verbindung steht;

Ansaugen von Luft (90) aus der Diise (12);
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Ansaugen der Flissigkeitsprobe (70) aus
der Diise (12) in den Probenzufiihrungs-
pfad (33), so dass eine gesamte Menge der
angesaugten Luft (90) im Zweigstrdomungs-
pfad (34) aufgenommen wird;

Umschalten der Strémungspfade des ers-
ten Schalters (51), des zweiten Schalters
(52) und des dritten Schalters (53), so dass
der Probenextrusionspfad (32) mit dem
Probenanschluss (22A) in Verbindung
steht, der Hullfluidzufihrungspfad (31) mit
dem Hullfluidanschluss (21A) in Verbin-
dung steht und der Zweigstromungspfad
(34) sowohl vom Probenzufiihrungspfad
(33) als auch vom spezifischen Strémungs-
pfad (30) isoliert ist;

Bewirken, dass ein Huillfluid (80) vom Hull-
fluidzufihrungspfad (31) zum Hullfluidstro-
mungspfad (21) flieRt, und Bewirken, dass
das Hiillfluid (80) vom Probenextrusions-
pfad (32) zum Probenzufiihrungspfad (33)
flieRt, so dass die flissige Probe (70) im
Probenzufiihrungspfad (33) extrudiert und
zum FlieRBen in den Probenstromungspfad
(22) veranlasst wird; und

Messen, im konfluenten Strémungspfad
(23), der Flussigkeitsprobe (70) aus dem
Probenstromungspfad (22), auf den das
Hullfluid (80) aus dem Hillfluidstrdmungs-
pfad (21) trifft.

Flissigkeitsprobenanalyseverfahren nach  An-
spruch 1, wobei ein Volumen der gesamten Menge
der aus der Dise (12) angesaugten Luft (90) kleiner
ist als das Volumen des Zweigstrémungspfads (34).

Flissigkeitsprobenanalyseverfahren nach  An-
spruch 1 oder Anspruch 2, wobei das Ansaugen der
Flissigkeitsprobe (70) das Ansaugen eines Teils der
Flissigkeitsprobe (70) in den Zweigstromungspfad
(34) beinhaltet.

Flissigkeitsprobenanalyseverfahren nach einem
der Anspriiche 1 bis 3, wobei die Flissigkeitsprobe
(70) eine aus einem biologischen Kdérper gewonne-
ne Flussigkeitsprobe ist.

Flissigkeitsprobenanalyseverfahren nach einem
der Anspriiche 1 bis 4, wobei das Messen der Flis-
sigkeitsprobe (70) das Erfassen eines Bildes der
Flissigkeitsprobe (70) beinhaltet.

Flissigkeitsprobenanalysevorrichtung (10), die Fol-
gendes umfasst:

eine Durchflusszelle (20) mit einem Hiullfluid-
stromungspfad (21), einem Probenstrémungs-
pfad (22), einem konfluenten Strémungspfad
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(23), an dem der Hillfluidstrémungspfad (21)
und der Probenstrémungspfad (22) zusammen-
laufen, einem an einem stromaufwarts gelege-
nen Ende des Hiillfluidstrémungspfads (21) be-
findlichen Hullfluidanschluss (21A) und einem
an einem stromaufwarts gelegenen Ende des
Probenstromungspfads (22) befindlichen Pro-
benanschluss (22A);

eine Messvorrichtung (11), die an einer dem
konfluenten Strémungspfad (23) zugewandten
Position installiert ist,

einen Hullfluidzufihrungspfad (31), der mit dem
Hullfluidanschluss (21A) verbunden ist;

eine erste Pumpe (41), die auf dem Hullfluidzu-
fuhrungspfad (31) vorgesehen und zum Zufiih-
ren eines Hullfluids (80) zum Hullfluidzufih-
rungspfad (31) konfiguriert ist;

eine Duse (12), die zum Ansaugen einer Flis-
sigkeitsprobe (70) und von Luft (90) konfiguriert
ist;

einen Probenzufiihrungspfad (33), der die Dise
(12) und den Probenanschluss (22A) miteinan-
der verbindet;

einen ersten Verzweigungspunkt (51A), der auf
dem Probenzufiihrungspfad (33) vorgesehen
ist;

einen Probenextrusionspfad (32), der auf den
ersten Verzweigungspunkt (51A) trifft;

eine zweite Pumpe (42), die auf dem Probenex-
trusionspfad (32) vorgesehen und zum Zuflh-
ren des Hullfluids (80) zum Probenextrusions-
pfad (32) konfiguriert ist;

eine Hullfluidspeichereinheit (13), die zum Zu-
fuhren des Huillfluids (80) zur ersten Pumpe (41)
und zur zweiten Pumpe (42) konfiguriert ist;
einen zweiten Verzweigungspunkt (52A), der
auf dem Probenzufiihrungspfad (33) zwischen
dem ersten Verzweigungspunkt (51A) und dem
Probenanschluss (22A) vorgesehen ist;
einendritten Verzweigungspunkt (53A), der ent-
weder an einer Stelle entlang des Hullenfluidzu-
fuhrungspfads (31) oder an einer Stelle entlang
des Probenextrusionspfads (32) vorgesehen
ist;

einen Zweigstromungspfad (34), der den zwei-
ten Verzweigungspunkt (52A) und den dritten
Verzweigungspunkt (53A) miteinander verbin-
det;

einen ersten Schalter (51), einen zweiten Schal-
ter (52) und einen dritten Schalter (53), die je-
weils am ersten Verzweigungspunkt (51A), am
zweiten Verzweigungspunkt (52A) und am drit-
ten Verzweigungspunkt (53A) vorgesehen sind,
umdas Schalten von jeweiligen drei Stromungs-
pfaden zu ermdglichen, die sich an jedem von
erstem Verzweigungspunkt (51A), zweitem Ver-
zweigungspunkt (52A) und drittem Verzwei-
gungspunkt (53A) befinden; und
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eine Steuerung (100) mit einer ersten Pumpen-
steuerung (141), die zum Steuern der ersten
Pumpe (41) konfiguriert ist, einer zweiten Pum-
pensteuerung (142), die zum Steuern der zwei-
ten Pumpe (42) konfiguriert ist, einer ersten
Schaltsteuerung (151), die zum Steuern der
Stromungspfadumschaltung im ersten Schalter
(51) konfiguriert ist, einer zweiten Schaltsteue-
rung (152), die zum Steuern der Strdmungs-
pfadumschaltung im zweiten Schalter (52) kon-
figuriert ist, einer dritten Schaltsteuerung (153),
die zum Steuern der Strémungspfadumschal-
tung im dritten Schalter (53) konfiguriert ist, und
einer Messsteuerung (111), die zum Steuern
der Messung durch die Messvorrichtung (11)
konfiguriert ist, wobei:

entweder der Hillfluidstrémungspfad (21) oder
der Probenextrusionspfad (32), auf dem der drit-
te Verzweigungspunkt (53A) vorgesehen ist, als
spezifischer Stromungspfad (30) bezeichnet
wird;

entweder die erste Pumpe (41) oder die zweite
Pumpe (42), die auf dem spezifischen Stro-
mungspfad (30) vorgesehen ist, als spezifische
Pumpe (40) bezeichnet wird, die zum Ansaugen
der Flussigkeitsprobe (70) und von Luft (90) aus
der Dise (12) zum Zweigstromungspfad (34)
konfiguriert ist;

entweder die erste Pumpensteuerung (141)
oder die zweite Pumpensteuerung (142), die
zum Steuern der spezifischen Pumpe (40) kon-
figuriert ist, wird als spezifische Pumpensteue-
rung (140) bezeichnet;

eine Seite, die naher an der Durchflusszelle (20)
in jedem von spezifischem Stromungspfad (30)
und Probenzufiihrungspfad (33) liegt, wird als
stromabwartige Seite definiert, und eine dazu
entgegengesetzte Seite wird als stromaufwarti-
ge Seite definiert;

in einem Zustand, in dem der Hillfluidzufih-
rungspfad (31), der Probenzufiihrungspfad
(33), der Probenextrusionspfad (32) und der
Zweigstromungspfad (34) mit dem Huillfluid (80)
gefullt sind, ist die erste Schaltsteuerung (151)
zum Schalten des ersten Schalters (51) konfi-
guriert, so dass die Stromungspfade am ersten
Verzweigungspunkt (51A) von der stromaufwar-
tigen Seite zur stromabwartigen Seite des Pro-
benzufiihrungspfads (33)in Verbindung stehen,
die zweite Schaltsteuerung (152) ist zum Schal-
ten des zweiten Schalters (52) konfiguriert, so
dass die Stromungspfade am zweiten Verzwei-
gungspunkt (52A) von der stromaufwartigen
Seite des Probenzufiihrungspfads (33) zum
Zweigstromungspfad (34) in Verbindung ste-
hen, und die dritte Schaltsteuerung (153) istzum
Schalten des dritten Schalters (53) konfiguriert,
so dass die Strdmungspfade am dritten Ver-
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zweigungspunkt (53A) vom Zweigstrémungs-
pfad (34) zur stromaufwartigen Seite des spezi-
fischen Strdomungspfads (30) in Verbindung ste-
hen;

die spezifische Pumpensteuerung (140) ist zum
Betatigen der spezifischen Pumpe (40), um die
Luft (90) von der Dise (12) zum Probenzufiih-
rungspfad (33) anzusaugen, und ferner zum An-
saugen der Flissigkeitsprobe (70) von der Diise
(12) zum Probenzufiihrungspfad (33) konfigu-
riert, und ist zum Stoppen der Betatigung der
spezifischen Pumpe (40) in einem Zustand kon-
figuriert, in dem eine gesamte Menge der ange-
saugten Luft (90) den zweiten Verzweigungs-
punkt (52A) passiert und im Zweigstromungs-
pfad (34) aufgenommen ist;

die erste Schaltsteuerung (151) ist zum Schal-
ten des ersten Schalters (51) konfiguriert, so
dass die Stromungspfade am ersten Verzwei-
gungspunkt (51A) vom Probenextrusionspfad
(32) zur stromabwarts gelegenen Seite des Pro-
benzuflihrungspfads (33) in Verbindung stehen,
die zweite Schaltsteuerung (152) ist zum Schal-
ten des zweiten Schalters (52) konfiguriert, so
dass die Stromungspfade am zweiten Verzwei-
gungspunkt (52A) von der stromaufwarts gele-
genen Seite zur stromabwarts gelegenen Seite
des Probenzufiihrungsstroms in Verbindung
stehen, und die dritte Schaltsteuerung (153) ist
zum Schalten des dritten Schalters (53) konfi-
guriert, so dass die Strdomungspfade am dritten
Verzweigungspunkt (53A) mit der stromauf-
warts gelegenen Seite mit der stromabwarts ge-
legenen Seite des spezifischen Strémungs-
pfads (30) in Verbindung stehen;

die erste Pumpensteuerung (141) ist zum Beta-
tigen der ersten Pumpe (41) konfiguriert,um das
Hullfluid (80) dem Hullfluidzufihrungspfad (31)
zuzuflhren, um zu bewirken, dass das Hullfluid
(80) in den Hullfluidstrémungspfad (21) flief3t,
und die zweite Pumpensteuerung (142) ist zum
Betatigen der zweiten Pumpe (42) konfiguriert,
um das Hullfluid (80) dem Probenextrusions-
pfad (32) zuzufiihren, um die Flissigkeitsprobe
(70) in den Probenzufiihrungspfad (33) zu ex-
trudieren, um zu bewirken, dass die fliissige Pro-
be (70) in den Probenstromungspfad (22) flief3t;
und

die Messsteuerung (111) ist zum Veranlassen
der Messvorrichtung (11) konfiguriert, die Flis-
sigkeitsprobe (70) aus dem Probenstrémungs-
pfad (22) in den konfluenten Strémungspfad
(23) zu messen.

Flussigkeitsprobenanalysevorrichtung (10) nach
Anspruch 6, wobei ein Volumen der gesamten Men-
ge der aus der Duse (12) angesaugten Luft (90) klei-
ner ist als ein Volumen des Zweigstromungspfads
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(34).

Flussigkeitsprobenanalysevorrichtung (10) nach
Anspruch 6 oder Anspruch 7, wobei die spezifische
Pumpensteuerung (140) zum Betatigen der spezifi-
schen Pumpe (40) und zum Ansaugen des Hiillfluids
(80) aus dem spezifischen Stromungspfad (30) kon-
figuriert ist, bis ein Teil der Flissigkeitsprobe (70)
den Zweigstrémungspfad (34) erreicht.

Flissigkeitsprobenanalysevorrichtung (10) nach ei-
nem der Anspriiche 6 bis 8, wobei die Flissigkeits-
probe (70) eine von einem biologischen Kérper
stammende Flissigkeitsprobe ist.

Revendications

Procédé d’analyse d’échantillon liquide, utilisant :

une cuve a circulation (20) comprenant un che-
min de circulation de fluide de gaine (21), un
chemin de circulation d’échantillon (22), un che-
min de circulation confluent (23) au niveau du-
quel le chemin de circulation de fluide de gaine
(21) etle chemin de circulation d’échantillon (22)
se rejoignent, un orifice pour fluide de gaine
(21A) qui se trouve au niveau d’'une extrémité
en amont du chemin de circulation de fluide de
gaine (21), et un orifice pour échantillon (22A)
qui se trouve au niveau d’'une extrémité en
amont du chemin de circulation d’échantillon
(22);

un chemin d’alimentation de fluide de gaine (31)
raccordé a l'orifice pour fluide de gaine (21A) ;
une buse (12) configurée pour aspirer un échan-
tillon liquide (70) et de I'air (90) ;

un chemin d’alimentation d’échantillon (33) qui
raccorde la buse (12) et 'orifice pour échantillon
(22A) ;

un premier point de branchement (51A) mis en
ceuvre sur le chemin d’alimentation d’échan-
tillon (33) ;

un chemin d’extrusion d’échantillon (32) joi-
gnant le premier point de branchement (51A) ;
un deuxieme point de branchement (52A) mis
en ceuvre sur le chemin d’alimentation d’échan-
tillon (33) entre le premier point de branchement
(51A) et l'orifice pour échantillon (22A) ;

un troisieme point de branchement (53A) mis en
ceuvre soit a mi-chemin le long du chemin d’ali-
mentation de fluide de gaine (31) soit a mi-che-
min le long du chemin d’extrusion d’échantillon
(32);

un chemin de circulation de branchement (34)
raccordantensemble le deuxiéme pointde bran-
chement (52A) et le troisiéme point de branche-
ment (53A) ; et
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un premier commutateur (51), un deuxiéme
commutateur (52) et un troisieme commutateur
(53) mis en ceuvre respectivement au niveau du
premier pointde branchement (51A), du deuxie-
me point de branchement (52A), et du troisieme
point de branchement (53A), pour permettre la
commutation de trois chemins de circulation res-
pectifs se trouvant au niveau de chacun du pre-
mier point de branchement (51A), du deuxiéme
point de branchement (52A) et du troisiéme
point de branchement (53A), le procédé d’ana-
lyse d’échantillon comportant les étapes consis-
tanta:

commuter les chemins de circulation du
premier commutateur (51), du deuxiéme
commutateur (52) et du troisieme commu-
tateur (53), de telle sorte qu’un chemin de
circulation spécifique (30), qui est un che-
min de circulation, parmi le chemin d’ali-
mentation de fluide de gaine (31) et le che-
min d’extrusion d’échantillon (32), qui est
mis en ceuvre avec le troisieme point de
branchement (53A), est en communication
avec la buse (12) par le biais du chemin de
circulation de branchement (34) ;

aspirer de I'air (90) en provenance de la bu-
se (12) ;

aspirer I'échantillon liquide (70) en prove-
nance delabuse (12) jusqu’au chemin d’ali-
mentation d’échantillon (33) de telle sorte
qu’une quantité entiere de I'air aspiré (90)
est regue dans le chemin de circulation de
branchement (34) ;

commuter les chemins de circulation du
premier commutateur (51), du deuxiéme
commutateur (52) et du troisieme commu-
tateur (53), de telle sorte que le chemin d’ex-
trusion d’échantillon (32) est en communi-
cation avec l'orifice pour échantillon (22A),
le chemin d’alimentation de fluide de gaine
(31) est en communication avec I'orifice
pour fluide de gaine (21A), et le chemin de
circulation de branchement (34) est isolé a
la fois par rapport au chemin d’alimentation
d’échantillon (33) et par rapport au chemin
de circulation spécifique (30) ;

amener un fluide de gaine (80) a circuler en
provenance du chemin d’alimentation de
fluide de gaine (31) jusqu’au chemin de cir-
culation de fluide de gaine (21) et amener
le fluide de gaine (80) a circuler en prove-
nance du chemin d’extrusion d’échantillon
(32) jusqu'au chemin d’alimentation
d’échantillon (33) de telle sorte que I'échan-
tillon liquide (70) dans le chemin d’alimen-
tation d’échantillon (33) est extrudé et est
amené a circuler jusque dans le chemin de
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circulation d’échantillon (22) ; et

mesurer, dans le chemin de circulation con-
fluent (23), I'échantillon liquide (70) en pro-
venance du chemin de circulation d’échan-
tillon (22) qui est joint par le fluide de gaine
(80) en provenance du chemin de circula-
tion de fluide de gaine (21).

Procédé d’analyse d’échantillon liquide selon la re-
vendication 1, dans lequel un volume de la quantité
entiere de l'air (90) aspiré en provenance de la buse
(12) est inférieur par rapport a un volume du chemin
de circulation de branchement (34).

Procédé d’analyse d’échantillon liquide selon la re-
vendication 1 ou larevendication 2, dans lequel I'éta-
pe consistant a aspirer I'échantillon liquide (70) com-
prend I'étape consistant a aspirer une partie de
I’échantillon liquide (70) jusque dans le chemin de
circulation de branchement (34).

Procédé d’analyse d’échantillon liquide selon l'une
quelconque des revendications 1 a 3, dans lequel
I’échantillon liquide (70) est un spécimen liquide dé-
rivé d’un corps biologique.

Procédé d’analyse d’échantillon liquide selon l'une
quelconque des revendications 1 a 4, dans lequel
I’étape consistant a mesurerI'échantillon liquide (70)
comprend I'étape consistant a acquérir une image
de I’échantillon liquide (70).

Dispositif d’analyse d’échantillon
comportant :

liquide (10),

une cuve a circulation (20) comprenant un che-
min de circulation de fluide de gaine (21), un
chemin de circulation d’échantillon (22), un che-
min de circulation confluent (23) au niveau du-
quel le chemin de circulation de fluide de gaine
(21) etle chemin de circulation d’échantillon (22)
se rejoignent, un orifice pour fluide de gaine
(21A) qui se trouve au niveau d’'une extrémité
en amont du chemin de circulation de fluide de
gaine (21), et un orifice pour échantillon (22A)
qui se trouve au niveau d’'une extrémité en
amont du chemin de circulation d’échantillon
(22);

un dispositif de mesure (11) installé au niveau
d’une position orientée vers le chemin de circu-
lation confluent (23) ;

un chemin d’alimentation de fluide de gaine (31)
raccordé a l'orifice pour fluide de gaine (21A) ;
une premiére pompe (41) mise en ceuvre sur le
chemin d’alimentation de fluide de gaine (31) et
configurée pour alimenter un fluide de gaine (80)
jusqu’au chemin d’alimentation de fluide de gai-
ne (31);
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une buse (12) configurée pour aspirer un échan-
tillon liquide (70) et de I'air (90) ;

un chemin d’alimentation d’échantillon (33) qui
raccorde la buse (12) et I'orifice pour échantillon
(22A) ;

un premier point de branchement (51A) mis en
ceuvre sur le chemin d’alimentation d’échan-
tillon (33) ;

un chemin d’extrusion d’échantillon (32) joi-
gnant le premier point de branchement (51A) ;
une deuxiéme pompe (42) mise en ceuvre sur
le chemin d’extrusion d’échantillon (32) et con-
figurée pour alimenter le fluide de gaine (80) jus-
qu’au chemin d’extrusion d’échantillon (32) ;
une unité de stockage de fluide de gaine (13)
configurée pour alimenter le fluide de gaine (80)
jusqu’a la premiere pompe (41) et la deuxieme
pompe (42) ;

un deuxieme point de branchement (52A) mis
en ceuvre sur le chemin d’alimentation d’échan-
tillon (33) entre le premier point de branchement
(51A) et I'orifice pour échantillon (22A) ;

un troisieme point de branchement (53A) mis en
ceuvre soit a mi-chemin le long du chemin d’ali-
mentation de fluide de gaine (31) soit a mi-che-
min le long du chemin d’extrusion d’échantillon
(32);

un chemin de circulation de branchement (34)
raccordantensemble le deuxiéme pointde bran-
chement (52A) et le troisi€me point de branche-
ment (53A) ;

un premier commutateur (51), un deuxiéme
commutateur (52) et un troisieme commutateur
(53) mis en ceuvre respectivement au niveau du
premier pointde branchement (51A), du deuxie-
me point de branchement (52A), et du troisieme
point de branchement (53A), pour permettre la
commutation de trois chemins de circulation res-
pectifs se trouvant au niveau de chacun du pre-
mier point de branchement (51A), du deuxiéme
point de branchement (52A) et du troisieme
point de branchement (53A) ; et

un dispositif de commande (100) comprenant
un dispositif de commande de premiere pompe
(141) configuré pour commander la premiére
pompe (41), un dispositif de commande de
deuxiéme pompe (142) configuré pour com-
mander la deuxiéme pompe (42), un dispositif
de commande de premier commutateur (151)
configuré pour commander la commutation du
chemin de circulation dans le premier commu-
tateur (51), un dispositif de commande de
deuxiéeme commutateur (152) configuré pour
commander la commutation du chemin de cir-
culation dans le deuxieme commutateur (52),
un dispositif de commande de troisieme com-
mutateur (153) configuré pour commander la
commutation du chemin de circulation dans le
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troisieme commutateur (53), et un dispositif de
commande de mesure (111) configuré pour
commander la mesure par le dispositif de me-
sure (11), dans lequel :

soitle chemin de circulation de fluide de gai-
ne (21) soit le chemin d’extrusion d’échan-
tillon (32) sur lequel le troisieme point de
branchement (53A) est mis en ceuvre est
désigné comme étant un chemin de circu-
lation spécifique (30) ;

soitla premiére pompe (41) soitla deuxieme
pompe (42) qui est mise en ceuvre sur le
chemin de circulation spécifique (30) estdé-
signée comme étant une pompe spécifique
(40), qui est configurée pour aspirer
I'échantillon liquide (70) et de l'air (90) en
provenance de la buse (12) jusqu’au che-
min de circulation de branchement (34) ;
soit le dispositif de commande de premiére
pompe (141) soit le dispositif de commande
de deuxiéme pompe (142) qui est configuré
pour commander la pompe spécifique (40)
est désigné comme étant un dispositif de
commande de pompe spécifique (140) ;
un cbté plus proche de la cuve a circulation
(20) dans chacun du chemin de circulation
spécifique (30) et du chemin d’alimentation
d’échantillon (33) est définicomme étantun
cbté en aval et un coté opposé a celui-ci est
défini comme étant un c6té en amont ;
dans un état dans lequel le chemin d’ali-
mentation de fluide de gaine (31), le chemin
d’alimentation d’échantillon (33), le chemin
d’extrusion d’échantillon (32) et le chemin
de circulation de branchement (34) sont
remplis de fluide de gaine (80), le dispositif
de commande de premier commutateur
(151) est configuré pour commuter le pre-
mier commutateur (51) de telle sorte que
les chemins de circulation au niveau du pre-
mier point de branchement (51A) commu-
niquent depuis le co6té en amont jusqu’au
c6té en aval du chemin d’alimentation
d’échantillon (33), le dispositif de comman-
de de deuxieme commutateur (152) est
configuré pour commuter le deuxiéme com-
mutateur (52) de telle sorte que les chemins
de circulation au niveau du deuxiéme point
de branchement (52A) communiquent de-
puis le c6té en amont du chemin d’alimen-
tation d’échantillon (33) jusqu’au chemin de
circulation de branchement (34), et le dis-
positif de commande de troisieme commu-
tateur (153) est configuré pour commuter le
troisieme commutateur (53) de telle sorte
que les chemins de circulation au niveau du
troisieme point de branchement (53A) com-
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muniquent depuis le chemin de circulation
de branchement (34) jusqu'au cété en
amont du chemin de circulation spécifique
(30);

le dispositif de commande de pompe spé-
cifique (140) est configuré pour actionner la
pompe spécifique (40) pour aspirer I'air (90)
en provenance de la buse (12) jusqu'au
chemin d’alimentation d’échantillon (33), et
par ailleurs pour aspirer I’échantillon liquide
(70) en provenance de la buse (12) jusqu’au
chemin d’alimentation d’échantillon (33), et
est configuré pour arréter I'actionnement de
la pompe spécifique (40) dans un état dans
lequel une quantité entiére de l'air aspiré
(90) passe par le deuxieme point de bran-
chement (52A) et est regue dans le chemin
de circulation de branchement (34) ;

le dispositif de commande de premier com-
mutateur (151) est configuré pour commu-
ter le premier commutateur (51) de telle sor-
te que les chemins de circulation au niveau
du premier point de branchement (51A)
communiquent depuis le chemin d’extru-
sion d’échantillon (32) jusqu’au c6té en aval
du chemin d’alimentation d’échantillon (33),
le dispositif de commande de deuxieme
commutateur (152) est configuré pour com-
muter le deuxiéme commutateur (52) de tel-
le sorte que les chemins de circulation au
niveau du deuxieme point de branchement
(52A) communiquent depuis le cété en
amontjusqu’au cété en aval de la circulation
d’alimentation d’échantillon, et le dispositif
de commande de troisieme commutateur
(153) est configuré pour commuter le troi-
sieme commutateur (53) de telle sorte que
les chemins de circulation au niveau du troi-
sieme point de branchement (53A) font
communiquer le co6té en amont avec le coté
en aval du chemin de circulation spécifique
(30);

le dispositif de commande de premiere
pompe (141) est configuré pour actionner
la premiere pompe (41) pour alimenter le
fluide de gaine (80) jusque dans le chemin
d’alimentation de fluide de gaine (31) pour
amener le fluide de gaine (80) a circuler jus-
que dans le chemin de circulation de fluide
de gaine (21), et le dispositif de commande
de deuxiéeme pompe (142) est configuré
pour actionner la deuxiéme pompe (42)
pour alimenter le fluide de gaine (80) jusque
dans le chemin d’extrusion d’échantillon
(32) de maniéere a extruder I'échantillon Ii-
quide (70) dans le chemin d’alimentation
d’échantillon (33) pour amener I'échantillon
liquide (70) a circuler jusque dans le chemin
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7.

de circulation d’échantillon (22) ; et

le dispositif de commande de mesure (111)
est configuré pour amener le dispositif de
mesure (11) a mesurer I'échantillon liquide
(70) en provenance du chemin de circula-
tion d’échantillon (22) dans le chemin de cir-
culation confluent (23).

Dispositif d’analyse d’échantillon liquide (10) selon
larevendication 6, dans lequel un volume de laquan-
tité entiere de I'air (90) aspiré en provenance de la
buse (12) est inférieur par rapport a un volume du
chemin de circulation de branchement (34).

Dispositif d’analyse d’échantillon liquide (10) selon
la revendication 6 ou la revendication 7, dans lequel
le dispositif de commande de pompe spécifique
(140) est configuré pour actionner la pompe spéci-
fique (40) et pour aspirer le fluide de gaine (80) en
provenance du chemin de circulation spécifique (30)
jusqu’a ce qu’une partie de I'échantillon liquide (70)
atteigne le chemin de circulation de branchement
(34).

Dispositif d’analyse d’échantillon liquide (10) selon
I'une quelconque des revendications 6 a 8, dans le-
quel I’échantillon liquide (70) estun spécimen liquide
dérivé d’un corps biologique.
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FIG.5A

START

SHEATH FLUID FILLING
+ OPENING FIRST SHEATH FLUID VALVE
+ COMMUNICATING BETWEEN MIDSTREAM AND UPSTREAM SECTIONS OF
SAMPLE SUPPLY PATH BY FIRST SWITCH
+ COMMUNICATING BETWEEN BRANCH FLOW PATH AND MIDSTREAM SECTION
OF SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM SECTION OF SPECIFIC FLOW PATH
AND BRANCH FLOW PATH BY THIRD SWITCH
+ ACTUATING FIRST PUMP TO FILL UPSTREAM SECTION OF SPECIFIC FLOW
PATH, BRANCH FLOW PATH, AND MIDSTREAM AND UPSTREAM SECTIONS OF
SAMPLE SUPPLY PATH, WITH SHEATH FLUID

|
+ OPENING SECOND SHEATH FLUID VALVE
« COMMUNICATING BETWEEN SAMPLE EXTRUSION PATH AND MIDSTREAM
SECTION OF SAMPLE SUPPLY PATH BY FIRST SWITH
+ COMMUNICATING BETWEEN MIDSTREAM AND DOWNSTREAM SECTIONS OF
SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM AND DOWNSTREAM SECTIONS OF
SPECIFIC FLOW PATH BY THIRD SWITCH
+ ACTUATING FIRST PUMP TO FILL SPECIFIC FLOW PATH WITH SHEATH FLUID
+ ACTUATING SECOND PUMP TO FILL SAMPLE EXTRUSION PATH, AND MIDSTREAM
AND DOWNSTREAM SECTIONS OF SAMPLE SUPPLY PATH, WITH SHEATH FLUID

|
* FILLING FLOW CELL WITH SHEATH FLUID
+ CLOSING FIRST SHEATH FLUID VALVE AND SECOND SHEATH FLUID VALVE
+ HALTING FIRST PUMP AND SECOND PUMP

v

FLOW PATH SWITCHING
+ COMMUNICATING BETWEEN MIDSTREAM AND UPSTREAM SECTIONS
OF SAMPLE SUPPLY PATH BY FIRST SWITCH
+ COMMUNICATING BETWEEN BRANCH FLOW PATH AND MIDSTREAM
SECTION OF SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM SECTION OF SPECIFIC FLOW
PATH AND BRANCH FLOW PATH BY THIRD SWITCH

L]

AIR ASPIRATION
+ ACTUATING FIRST PUMP TO ASPIRATE SHEATH FLUID OF UPSTREAM
SECTION OF SPECIFIC FLOW PATH
+ ASPIRATING AIR FROM UPSTREAM SECTION UP TO MIDSTREAM
SECTION OF SAMPLE SUPPLY FLOW PATH

L]

SAMPLE ASPIRATION
* ASPIRATING SAMPLE FROM UPSTREAM SECTION, THROUGH MIDSTREAM
SECTION OF SAMPLE FLOW PATH, UP TO BRANCH FLOW PATH
* ASPIRATING ENTIRE AMOUNT OF AIR TO BRANCH FLOW PATH

* HALTING FIRST PUMP
v

©
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FIG.5B

FLOW PATH SWITCHING
« COMMUNICATING BETWEEN SAMPLE EXTRUSION PATH AND
MIDSTREAM SECTION OF SAMPLE SUPPLY PATH BY FIRST SWITCH
« COMMUNICATING BETWEEN MIDSTREAM SECTION AND DOWN-
STREAM SECTION OF SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM SECTION AND DOWNSTREAM
SECTION OF SPECIFIC FLOW PATH BY THIRD SWITCH
(ISOLATING BRANCH FLOW PATH FROM SPECIFIC FLOW PATH AND FROM

S140

SAMPLE SUPPLY PATH)

SHEATH FLUID/SAMPLE INFLOW
* ACTUATING FIRST PUMP, THEREBY CAUSING INFLOW OF SHEATH
FLUID INTO SPECIFIC FLOW PATH, AND INFLOW OF SHEATH FLUID INTO
SHEATH FLUID PORT
« ACTUATING SECOND PUMP, THEREBY CAUSING INFLOW OF SHEATH
FLUID INTO SAMPLE EXTRUSION PATH, AND INFLOW OF SAMPLE INTO

S150

SAMPLE PORT

SAMPLE MEASUREMENT
+ CONFLUENCE OF SHEATH FLUID AND SAMPLE IN CONFLUENT FLOW
PATH
« MEASURING SAMPLE IN CONFLUENT FLOW PATH WITH MEASURE-

S160

MENT EQUIPMENT

LIQUID DISCHARGE
+ DISCHARGING WASTE LIQUID FROM WASTE LIQUID PATH

S170
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FIG.13
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FIG.14
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FIG.15A

START

SHEATH FLUID FILLING
+ OPENING SECOND SHEATH FLUID VALVE
+ COMMUNICATING BETWEEN MIDSTREAM AND UPSTREAM SECTIONS OF
SAMPLE SUPPLY PATH BY FIRST SWITCH
+ COMMUNICATING BETWEEN BRANCH FLOW PATH AND MIDSTREAM SECTION
OF SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM SECTION OF SPECIFIC FLOW PATH
AND BRANCH FLOW PATH BY THIRD SWITCH
+ ACTUATING SECOND PUMP TO FILL UPSTREAM SECTION OF SPECIFIC FLOW
PATH, BRANCH FLOW PATH, AND MIDSTREAM AND UPSTREAM SECTIONS OF
SAMPLE SUPPLY PATH, WITH SHEATH FLUID

|
+ OPENING FIRST SHEATH FLUID VALVE
+ COMMUNICATING BETWEEN DOWNSTREAM SECTOIN OF SPECIFIC FLOW
PATH AND MIDSTREAM SECTION OF SAMPLE SUPPLY PATH BY FIRST SWITH
+ COMMUNICATING BETWEEN MIDSTREAM AND DOWNSTREAM SECTIONS OF
SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM AND DOWNSTREAM SECTIONS OF
SPECIFIC FLOW PATH BY THIRD SWITCH
* ACTUATING FIRST PUMP TO FILL SHEATH FLUID SUPPLY PATH WITH SHEATH
FLUID
+ ACTUATING SECOND PUMP TO FILL SPECIFIC FLOW PATH, AND MIDSTREAM
AND DOWNSTREAM SECTIONS OF SAMPLE SUPPLY PATH, WITH SHEATH FLUID

|
* FILLING FLOW CELL WITH SHEATH FLUID
+ CLOSING FIRST SHEATH FLUID VALVE AND SECOND SHEATH FLUID VALVE
+ HALTING FIRST PUMP AND SECOND PUMP

y

FLOW PATH SWITCHING
+ COMMUNICATING BETWEEN MIDSTREAM AND UPSTREAM SECTIONS
OF SAMPLE SUPPLY PATH BY FIRST SWITCH
+ COMMUNICATING BETWEEN BRANCH FLOW PATH AND MIDSTREAM
SECTION OF SAMPLE SUPPLY PATH BY SECOND SWITCH
+ COMMUNICATING BETWEEN UPSTREAM SECTION OF SPECIFIC FLOW
PATH AND BRANCH FLOW PATH BY THIRD SWITCH

AIR ASPIRATION
+ ACTUATING SECOND PUMP TO ASPIRATE SHEATH FLUID OF
UPSTREAM SECTION OF SPECIFIC FLOW PATH
+ ASPIRATING AIR FROM UPSTREAM SECTION UP TO MIDSTREAM
SECTION OF SAMPLE SUPPLY FLOW PATH

v

SAMPLE ASPIRATION
* ASPIRATING SAMPLE FROM UPSTREAM SECTION, THROUGH MIDSTREAM
SECTION OF SAMPLE FLOW PATH, UP TO BRANCH FLOW PATH
* ASPIRATING ENTIRE AMOUNT OF AIR TO BRANCH FLOW PATH

* HALTING SECOND PUMP
v
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FIG.15B

FLOW PATH SWITCHING
« COMMUNICATING BETWEEN SAMPLE EXTRUSION PATH AND
MIDSTREAM SECTION OF SAMPLE SUPPLY PATH BY FIRST SWITCH
« COMMUNICATING BETWEEN MIDSTREAM SECTION AND DOWN-
STREAM SECTION OF SAMPLE SUPPLY PATH BY SECOND SWITCH
« COMMUNICATING BETWEEN UPSTREAM SECTION AND DOWNSTREAM
SECTION OF SPECIFIC FLOW PATH BY THIRD SWITCH
(ISOLATING BRANCH FLOW PATH FROM SPECIFIC FLOW PATH AND FROM

SAMPLE SUPPLY PATH)

SHEATH FLUID/SAMPLE INFLOW
+ ACTUATING FIRST PUMP, THEREBY CAUSING INFLOW OF SHEATH
FLUID INTO SHEATH FLUID SUPPLY PATH, AND INFLOW OF SHEATH
FLUID INTO SHEATH FLUID PORT
« ACTUATING SECOND PUMP, THEREBY CAUSING INFLOW OF SHEATH
FLUID INTO SPECIFIC FLOW PATH, AND INFLOW OF SAMPLE INTO

SAMPLE PORT

SAMPLE MEASUREMENT
+ CONFLUENCE OF SHEATH FLUID AND SAMPLE IN CONFLUENT FLOW
PATH
+ MEASURING SAMPLE IN CONFLUENT FLOW PATH WITH MEASURE-

MENT EQUIPMENT

LIQUID DISCHARGE
+ DISCHARGING WASTE LIQUID FROM WASTE LIQUID PATH
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